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for modern enameling= sheet 


Open up the steel coil and subject it to controlled gases, and you can 
produce commercial quantities of ‘‘direct-on’’ enameling steel from 
regular rimmed steel sheet. Here’s an economic edge for both 
producer and user. Steelmakers no longer need supply low metal- 
loid steels which are expensive to melt and roll, and the enameler 
can eliminate one of the two steps in his processing. To get all 
the details on this revolutionary new Open Coi! Process of Gas 
Alloying write for Bulletin OC-960, Lee Wi/son Engineering Co., /nc., 
20005 Lake Road, 

Cleveland 16, Ohio. 
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Cover: The colorful cylindrical shapes on our cover (shown 
against a background of New York’s midtown skyline at night) 
are a preview of Alcoa’s “Varaflow”, a special form of alumi- 
num incorporating integral variegations of color. More details 
are given in “Impacts in Color” on p. 96. 
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High-Energy Forming 
How to Design for Explosive Forming, by Vernon H. Monteil 


The process is not a cure-all for forming difficulties but is a good supplemental technique 
that is useful in shaping difficult materials and large parts. 


Ryan’s Experience in Explosive Forming, by Floyd A. Cox 


Explosive forming can simplify fabrication of complex shapes and produce close-tol- 
erance parts. Some examples of what can be done with the new technique point out its 
potential to design engineers dealing with tough forming problems. 


Steel Parts Formed on High-Energy-Rate Machine, by Ralph G. Monsees 


High pressures applied at great speeds permit parts to be extruded or forged in one 
stroke to close tolerances and smooth surfaces. These characteristics open areas of 
application of high-energy machines to conventional metals such as resulfurized steels 
as well as those which are difficult to form. 


Explosive Forming With Combustible Gas Mixtures, by John Miller and Philip Kruse 


Working with mixtures of hydrogen, oxygen and an inert gas, Boeing engineers are ex- 
perimenting with a forming method which possesses the advantages of conventional 
explosive forming but eliminates some of its limitations. Forming pressures can be 
controlled more accurately and the combustible gas is, in effect, an ideally shaped charge 
since it is always in contact with the workpiece. 


Nondestructive Testing for Management — IV 
Factors to Consider in Selecting Ultrasonic Testing Equipment, by R. A. Seidel 


In choosing an ultrasonic instrument for flaw detection, ruggedness, eee of accuracy 
needed, ambient illumination conditions, instrument stability, dependability, simplicity 
of operation, size, weight, and portability are all important factors to consider. 
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Supertherm offers you outstanding 
service for applications that require 
dependable performance at tempera- 
tures from 1800 to 2300 F. 

Developed by our Research Lab- 
oratory in Mahwah, New Jersey, 
this heat-resistant alloy has done an 
excellent job under extreme temper- 
atures and severe heat cycling. In 
many cases it has extended service 
life two or three times over previous 
operations. 

Supertherm has been cast as 


furnace rolls, radiant tubes, retorts, 
grids and other special parts. It is 
composed of 26% chromium, 35% 
nickel, and is strengthened and sta- 
bilized with cobalt and tungsten. 

Our local sales engineers will be 
happy to answer questions that you 
may have regarding Supertherm or 
any high-temperature equipment 
problems. Or we will be glad to mail 
you technical data on this heat- 
resistant alloy, if you will kindly fill 
in the coupon and return it to us. 


*Supertherm is a patented alloy. 


Electro-Alloys Division 
3018 Taylor Street, Elyria, Ohio 


Please send technical data 
on SUPERTHERM 


Name 


Title 


Zone State 


ELECTRO-ALLOYS DIVISION Elyria, Ohio 
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Metal Progress 


No. 8 in a Series on Better Finishing 


How to Get the Most From Phosphating Systems—I, by George H. Pimbley ................. 103 


The first of three, this article describes some of the recommended “eon for zinc 


phosphate dip baths. In subsequent issues techniques for getting 
from zinc phosphate spray systems and from manganese an 


will be presented. 


Computer Helps Speed Heat Cycles, by C. L. Feng 


st performance 
iron phosphate systems 


An analog simulator, termed “Thermolog”, has proved useful in obtaining hard-to-get 
information necessary for designing and evaluating thermal systems. Specialized heat 
problems can be solved in a few hours after set up of the simulator circuitry. 


German Commentary on Turbine Failures, by S. Ammareller and P. Gruen ................. 89 


Failures in Europe 


in the 1920's led German metallurgists to use a low-alloy steel of 


good hardenability, oil quenched and tempered for high strength and ductility. Recently, 


vacuum pouring has eliminated danger of flaking. 


Residual Welding Stresses in Aluminum Alloys, by H. N. Hill .......................2...... 


Fusion welding produces residual stresses in the vicinity of the weld that are about equal 
to the minimum yield strength in the heat-affected zone. These stresses do not impair 
the ability of a welded structure to resist static or impact loading. 


Electrolytic Polishing of Refractory Metals, by F. R. Cortes .......... 97 


A versatile solution, composed of small amounts of sulfuric and hydrofluoric acids in 
methanol, can be used to ye age: four refractory mecals — molybdenum, tungsten, 


tantalum and columbium. Grin 


ing and polishing procedures are also described. 


Centrifugal Casting of Thin-Walled Magnesium Parts, by Warren C. Smith .................. 101 


For complex shapes difficult to produce, the centrifugal process is providing sound 
magnesium castings that are often metallurgically superior to those produced by other 


casting methods. 


Metal-Metal Oxide Composites for High-Temperature Use, 
by Klaus M. Zwilsky and Nicholas J. Grant 


Given the same base metal, dispersion-strengthened composites are Im (at — 
temperatures and for longer times) than their counterparts in age-hardening 
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The newest rockets, guided missiles, earth and 
sun satellites have a SEL-REX PRECIOUS 
METAL ELECTOPLATE on their electronic 
equipment and circuitry. The same quality and 
precision demanded by such applications is also 
being provided to leading jewelry manufacturers 
to help them make better, more salable products— 
at lower cost. 


Whether you make missiles and rockets or pro- 
vide lockets for misses, there’s an exclusive SEL- 
REX PRECIOUS METALS PLATING PROC- 
ESS to meet your particular needs. 


*SEL-REX BRIGHT GOLD — the standard of the industry 
—twice as hard as ordinary 24K Go'ld Plate — mirror- 
bright in any thickness, directly from the bath. 


*AUTRONEX” ACID GOLD — for the exacting industrial 
application — mildly acid electrolyte — absolutely no free 
cyanide -— plates at room temperature. 


*DOPED GOLD PROCESSES — doped with antimony or in- 
dium, depending on desired characteristics — best for 
Silicon and Germanium semiconductor applications. 


*TEMPEREX® — Produces pure 24K Gold electroplate which 
will withstand higher temperatures than any pure Gold 
plate known. 


*THERMOKARAT® — Produces exceedingly hard (470 
Vickers) 18K Gold electroplate for decorative or industrial 
applications. 


*RHODEX® — a patented Rhodium plating process which 

yields compressively stressed, crack-free deposits, per- 
mitting thicker Rhodium electroplate than ever before 
possible. 


4 Circle 801 on Page 48-B 


*PLATANEX” L-S — low stress Platinum plating process 
produces essentially nonporous electroplate for high tem- 
perature and other exacting industrial applications — no 
intermediate scratch brushing or burnishing required. 


*KARATCLAD® GOLD PROCESSES — acid Gold processes 
for decorative applications — Jeweler’s Finish in any thick- 
ness, in a wide range of non-varying colors. 


BRIGHT RHODIUM PROCESS — yields brilliant, fine 
grained, non-tarnishing deposits. Manufactured in our own 
air conditioned laboratories, its purity assures consistent 
quality results for all decorative applications. 


*SILVREX” BRIGHT SILVER — mirror-bright deposits in 
any thickness, operates at room temperature in current 
densities from 10 to 40 asf — hard and ductile deposits. 


SILVER SOL-U-SALT® —a water soluble double cyanide 
salt — permits new ease and facility in the preparation of 
Potassium Silver Cyanide plating solutions. 


POTASSIUM GOLD CYANIDE — the purest available — 
used in the preparation of our own exclusive Gold Plating 
Processes — manufactured in moisture controlled facilities. 


INDUSTRIAL SILVER PLATING PROCESSES — a complete 
line of silver plating formulations for high speed industrial 
applications. 


* Patented and patents pending. 


SEL-REX CORPORATION 
NUTLEY 10, NEW JERSEY 


World's largest selling precious metal electroplating processes and systems 
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As time coes on, we hear more and more about “materials” 
development and education as an aid in solving many of tomorrow’s 
space age, atomic and “everyday” problems. In fact, ten schools (Colum- 
bia, M.I.T., Northwestern, Stanford, Purdue, Michigan, Cornell, Cin- 
cinnati, Arizona, and Penn State) already offer degrees in material 

‘ engineering (or materials science). This trend toward a unified materials 
approach was clearly brought out during the annual meeting of the 
Metal Progress Editorial Advisory Committee, a group of experts whose 

1 names appear on our masthead each month. 

The group includes representatives from metal-producing and metal- 

consuming industries, “far-out” research organizations and “day-to-day” 
manufacturing concerns. Technical leaders from the aircraft, missile 
industries, atomic energy, automotive, electrical manufacturing and 
educational fields are all members of the Committee. They assist the 


Metal Progress Editorial Advisory Committee Confers at A.S.M. Head- 
quarters. Standing, left to right: John J. Chyle, A. O. Smith Corp., 
, Chairman; Fred L. Siegrist, Asst. Editor; Ralph G. Dermott, Managing 
Editor; James Holzwarth, General Motors Corp.; Carl R. Weymueller, 
Assoc. Editor; Arthur D. Schwope, Clevite Corp.; R. J. Gray, Oak Ridge 
National Laboratory; Donald E. Nulk, Combustion Engineering, Inc.; 
: Allen G. Gray, Editor. Seated, left to right: R. H. Gassner, Douglas Air- 
craft Co.; Donald R. Johnson, Sandia Corp.; D. C. Goldberg, Westing- 
house Electric Corp.; Elliot A. Reid, Bethlehem Steel Co.; G. M. 
Ault, National Aeronautics and Space Administration; W. W. Austin, 
North Carolina State College; W. L. Fleischman, General Electric Co. 


editors in keeping abreast of important developments in metalworking 
technology and, in fact, each of the Committee members was asked to 
serve with the idea that he would advise the editors on technical matters 
in the field of his own competence. 

The two-day affair was a stimulating give-and-take on all aspects of 
materials and processing under the tactful chairmanship of genial Jack 
Chyle. It was interesting to the editors to hear members of our Committee 
say that the ideas they took away with them will stimulate their own 
action on new approaches to their company’s problems. Look for com- 
ing issues of Metal Progress to reflect some of the thinking from this 


important meeting. 


Tue Eprrors 


AUGUST 1961 


A wide variety of metallurgical processing 
work can now be performed by a single 
mill facility due to the development of 
this compact and versatile LOMA 2-high/ 
4-high Combination Rolling Mill, The 
equipment is suitable for both hot and 
cold work, and allows both shapes and 
flat stock to be rolled, with or without 
the application of tension. 


The machine is equipped with extra large 
capacity mill housings, roll journals, uni- 
versal spindies and drive transmission. 
This heavy-duty design allows the mill to 
take reductions of more than 50 per cent 
per pass while maintaining tolerances as 
close as 5 per cent of thickness. 


Change-over from the 84% in. x 10 in. 2- 
high to the 24% in. & 8% in. x 10 in. 4- 
high setup requires only 30 minutes. The 
2-high arrangement is used for either hot 
or cold breakdown rolling of plate and 
sheet, and grooved rolls are also avail- 
able to process rounds, squares and other 
shapes. In the 4-high setup strip is cold 
finish rolled to gauges as thin as 0.002 in. 


The LOMA mili is furnished with high- 
strength steel housings, twin-handwheel 
or dual-motor wormdrive screwdowns, uni- 
versal joint spindles, herringbone gear- 
ing, and an extra heavy-duty 25 h.p. vari- 
able-speed drive. The rolls are made of 
forged alloy steel and are hardened to 
100 Shore Scleroscope. The roll necks 
are mounted in super-precision needie 
roller bearings having a total separating 
force capacity of 350,000 ibs. The bear- 
ings are continuously lubricated by a 
closed oil circulating system. 


OMA 


MACHINE MFG. CO., INC. 
York 16, N. 
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If your work involves joining alumi- 
num alloys, there’s a good chance 
you're already familiar with the advan- 
tages of Handy Alumibraze—the salt 
bath brazing method that provides 
strong, sound, corrosion-resistant 
joints — with excellent reproducibility 
—more readily than preforms —while 
reducing tool and fixture costs. 

Now, Handy & Harman has developed 
a new preparation—Alumibraze “400” 


—for even greater ease of application. Containing the 
same active ingredients as before, Alumibraze “400” is 


Now- 
join 

aluminum 
with new 


Extrudable Handy Alumibraze “400” is ideal 
for brazing complex assemblies like these. 


formulated to provide a homogeneous 
paste that can be extruded onto parts 
by a gun or other method. 

Think of the trouble this saves you. 
You can join extended areas and com- 
plicated contours more conveniently 
than ever before. Cut application and 
assembly times way down. Reap all the 
benefits of high-volume production. 
Don’t let another day go by without 
learning how Alumibraze “400” can 


speed operations in your shop. Our recently-expanded 
Bulletin 23 supplies full details. It’s yours for the asking. 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 850 Third Avenue, New York 22, N.Y. 


Offices and Plants: Bridgeport, Conn. Chicago, Ill. Cleveland, Ohio Dallas, Texas Detroit, Mich. Providence, R.1!. Los Angeles (Ei Monte), Calif. 


DISTRIBUTORS IN PRINCIPAL CITIES 


Circle 803 on Page 48-B 


Mt. Vernon, N.Y. « Montreal, Canada e Toronto, Canada 


METAL PROGRESS 


& 
‘ 
; Applied with equal facility to small joints or large seams, new Alumibraze “400” is the fast, convenient way to braze aluminum parts. 
; 
i 
6 


NEWS e NEWSe 
WS e NEWS e N 

NEWS e NEWS: 
EWS e NEWS e 
ws e NEI WS «WN 


NEW 


Se NEWS e NEW 


SeNEWSe 
NEWS e NEWS: 
EWS e NEWS e 
WS e NEWS e N 
S e NEWS e NE 
NEWS e NEW 
NEWS e NEW 
BWS e NEWS e 
WS e NEWS e N 
SeNEWSe NEW 
NEWS e NEW 
EWS e NEWS e 
WS e NEWS e N 
S e NEWS e N 
e NEWS « NEV 
NEWS e NEW 
EWS e NEW . 


WS e NEW 
S e NEWS e NI 


METAL 


VWae NOV 
SeNEWSe N 


NEWS e N A . 


WS e NEWS e N 


Technical 


NEWS 


High-Energy Machine Forges a billet weighing 9.1 Ib., forging on the 


can be welded per min.) that the steel, 


J Dynapak produces a part which weighs : 
Marte 8.9 Ib. a slight of flash is In Brief 

The case histories presented on p. 74 removed. Although the nozzle has a 1%4- NEWS e NEW 
indicate that high-energy machines are in. diameter by 24-in. deep hole, it can be EWS e NEWS e 
capable of forming parts which require formed in one blow. A shallow thread a : 
little or no subsequent machining. This (one or two turns) cut in the female die NEWS « 
advantage has been confirmed by experi- holds the formed part in place just long ret . 
mental work at American Brake Shoe Co. enough to allow the ram to be withdrawn. WS of 
in Mahwah, N.J. Metallurgists at the As the forging cools, it contracts enough to ef 
company’s Research Center, working with be lifted out of the die. pide tages 
a vertical Dynapak machine (model 1810) EWS « | 
report that they have formed shapes of et 
4130 steel, copper and copper powder to Thick-Walied Pipe Made by Se NEV 
close dimensional and toler- High-Frequency Welding 
ances. The steel part, for example, a 
cone-shaped piston cap for a landing gear The important advantage of high-fre- Set 
strut, has been forged in one stroke in the quency welding for making stainless steel ° NE 
high-energy machine to a wall thickness of tubing and pipe comes from the short NEWS © 
0.180 in. +0.005. heating and cooling cycles that are used. ay : 

In forging nozzles for oxygen lances Fast heating, welding and cooling result ° NE 
from copper billets and copper powder not only in high production rates but » Ni 
compacts, the fast forming speeds (ram metallurgical benefits as well. This has EWS © 
velocity can reach 1500 in. per sec.) give been demonstrated recently at Acme Tube, ty : 
parts a fine-grained structure, a desirable Inc., Irvington, N.J., whose engineers an- e NE 
characteristic because it improves stress- nounced the development of high-fre- WS - 
rupture life at elevated temperatures. Dr. quency welding equipment which will * ; 
Hugo Larson, research metallurgist at produce stainless tubing — primarily the rae o 
Mahwah, said that experiments with dis- austenitic grades — in sizes of up to 6-in. Cet ; 
persion-hardened powder compacts con- O.D. and in wall thickness of up to 0.154 ef 
taining 2 to 7 vol. % alumina in a copper in., a significant increase from the usual e NEW 
matrix demonstrate the feasibility of dis- limit of 0.095 in. for stainless tubing fab- ay ‘ 
tributing the oxide at the tip of the nozzle ricated by high-frequency welding. The oN 
where the highest temperatures are thick-walled tubing can be made to L.D. SeN 
reached. The dispersed oxide strengthens and O.D. tolerances of at least +0.006 in. e NEV 
the copper and raises the recrystallization Even at 0.154-in. wall thickness the weld- cure . ' : 
temperature. (These advantages are ing cycle is so fast (at least 20 ft. of pipe WS e N 


pointed out in “Metal-Metal Oxide Com- 
posites for High-Temperature Use” be- 


ginning on p. 108.) 
Nozzles have also been made from bil- 
lets of tough pitch copper. Starting with 
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although not the low-carbon variety, is not 
sensitized. Provided sensitization does not 
occur when the pipe is welded in the field, 


then users can take advantage of important 
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cost savings. The standard-carbon steel is less ex- 
pensive than the low-carbon grades and since the 
weld area is not sensitized, it need not be heat 
treated to get rid of carbides at grain boundaries. 
Engineers at Acme Tube say that the 0.154-in. 
limit in wall thickness is determined by the ability 
of the equipment to roll the steel before it is welded. 
Despite careful control of the heat pattern, they see 
a limit of 0.250 in. as a practical maximum wall 
thickness above which welding difficulties arise. 


Bright Future 
for Low-Temperature Metals 


An outstanding feature of the recent meeting of 
the American Society for Testing Materials was a 
two-day symposium on evaluation of materials for 
low-temperature service. While a great deal of the 
interest in metals for low-temperature uses has been 
due to military applications, the change in missile 
propellants to liquid fuels that are storable at ambi- 
ent temperatures and solid propellants has brought 
about a shift in emphasis for manufacturers of cryo- 
genic equipment. Producers of cryogenic tanks and 
hardware now fully expect that the increased use of 
cryogenic fluids for industrial applications will more 
than make up for the slack in government interest. 

Reasons for the increased need for cryogenic 
facilities by industry were brought out by Herbert 
W. Marsh, chief engineer of advanced designs, 
Graver Tank and Mfg. Co., East Chicago, Ind., who 
stated that by 1965 the use of oxygen in steelmak- 
ing (see Metal Progress, June 1961, p. 97) is ex- 
pected to exceed 800 cu.ft. per ton. This compares 
with 250 cu.ft. of oxygen used per ton of steel pro- 
duced in 1959. The basic oxygen process requires 
2000 cu.ft. per ton of steel, and the use of oxy-fuel 
lances for open-hearth steelmaking will require 
some 500 tons of oxygen per day for each open 
hearth. 

Mr. Marsh pointed out that as a result of the 
increase in oxygen production, a large amount of 
liquid nitrogen is available at low cost. A good part 
of this will be used as an in-process refrigerant and 
for liquefaction of hydrogen and helium. Nitrogen 
gas provides an inert atmosphere for packaging 
ood products, for galvanizing and for production 
of tin plate. The increased production of ammonia 
is requiring more facilities for storage of larger 
quantities of both hydrogen and nitrogen and in- 
terest in storing these gases in the liquid state is 
growing, 

A new field, yet undeveloped but with great 


8 


potential, is storage of liquid methane. If this be- 
comes commercial, it will most likely be the largest 
single application for low-temperature storage tanks. 


New Method for Producing 
Metallic Coatings 


Recently, Armour Research Foundation, Chi- 
cago, announced that its engineers were now coat- 
ing parts by an intriguing new method. According 
to H. T. Francis, this technique involves flame- 
spraying the metallic oxide on a surface, and then 
reducing the oxide in a stream of hydrogen. Al- 
ready having been successful with nickel oxide, the 
method appears readily applicable to any easily re- 
duced oxide — copper, tungsten, iron, and molybde- 
num, among others. 

An adaptation of “flame ceramics”, this process 
employs a special oxy-hydrogen torch, equipped 
with a device which feeds a continuous, even, en- 
trainment of powdered ceramic into a gas stream. 
As the oxide passes through the flame, it is brought 
to a semimolten state. When the flame is directed 
against a suitable material, “tacky” oxide particles 
strike at high velocity to stick to the surtace. If 
nickel oxide is used as the “ceramic”, it produces a 
dark gray matte coating. Treatment for 1 hr. at 
1100° F. in hydrogen then reduces the oxide com- 
pletely, and an excellent bond develops between 
the nickel and the steel base (see photo). Lew’ 

e 


the outer zone of the coat is somewhat porous, t 


Pure Nicket Coats STEEL Base (250 x ) 
Flame-Sprayed Nickel Oxide Is Reduced 
in Hydrogen 
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layer of nickel adjacent to the steel base is dense 
and continuous. 

On the theoretical side, according to Dr. Francis, 
“Simultaneous reduction and sintering of metal 
powders yields much better densification of the 
product metal than does mere sintering of an al- 
ready metallic powder”. In powder metallurgy, 
this phenomenon is known as “activated sintering”, 
the activation being accomplished by partially oxi- 
dizing a green compact before sintering in hydro- 
gen. Therefore, in this coating method, activation 
is an inherent feature because the metal exists com- 
pletely as an oxide. 

Useful applications for the method are promising. 
Dr. Francis suggests that aircraft parts can be clad 
with nickel to resist both marine exposures and 
moderately high temperatures. Other space-age 
applications will probably appear with further re- 
search efforts. 


How Water Affects 
Quenching Rates of Salt Baths 


Many heat treaters have known for some time 
that small amounts of water added to nitrate- 
nitrite salt baths will increase quenching rates 
appreciably. The curves shown on this page pre- 
sent some quantitative determinations of this effect. 
As reported by H. J. Gilliland of the General Motors 
Technical Center, Warren, Mich., these measure- 
ments were made with the “Quenchometer” (see 
Metal Progress, October 1960, p. 111). 

Briefly, the curves show quenchometer readings 
in seconds (to cool a 1-in. diameter nickel ball from 
1625° +. to 670° F.) plotted against the degree of 
queuchant circulation. As is apparent, the quench- 
ing speed of dry salt is greatly increased by circula- 
tion, whether the bath temperature is maintained at 
350, 400 or 450° F. Conversely, when 0.22 to 
1.0% H.O is added to salt maintained at 350 to 
450° F., the over-all quenching speed is markedly 
increased but rapid circulation has less influence. 

Mr. Gilliland warns that quenchometer readings 
of salt baths are not to be equated with those of oil 
or water quench baths. As he states it, “The com- 
pletely dissimilar nature of these mediums, partic- 
ularly the absence of a vapor blanket in molten-salt 
quenching, makes valid comparisons possible only 
by means of hardness-distance data with standard 
steels”. Consequently this has been done. At a 
constant agitation of 120 ft. per min., a bar of 
A.LS.1.-S.A.E. 1046 (% in. diameter by 3 in. long) 
was quenched in (a) fast oil — Rockwell C-60; (b) 
salt plus water — Rockwell C-57; (c) medium oil 
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QUENCHING Power oF SALT BaTHs 
Water Increases Quenching Rate Obtained 
in Nitrate-Nitrite Baths 


— Rockwell C-54; (d) slow oil — Rockwell C-43: 
and (e) dry salt — Rockwell C-32. (All hardness 
readings were taken on surfaces. ) Judging from 
these tests, it appears that salt baths containing a 
small amount of water have a quenching power be- 
tween those of fast and medium oils. 

Though the ultimate selection of a quenchant 
will still depend upon chemical composition and 
transformation characteristics of the steel, part 
geometry, and allowable distortion in quenching, 
Mr. Gilliland feels that, “This information on the 
quenching ability of salt will guide us in the selec- 
tion of the most suitable quenchant, particularly 
for marginal steels and complicated parts”. 


Large Electron-Beam Furnace 
Refines Refractory Metals 


The ductility and fabricability of refractory 
metals depend to a large extent on the level of 
impurities that can be obtained. Recognizing 
this fact, Haynes Stellite Co., Kokomo, Ind., re- 
cently installed a 300-kw. electron-beam furnace 
for melting columbium, tantalum, vanadium, and 
other high-temperature alloys. During double re- 
melting at pressures of less than 0.1 micron, im- 
purities are volatilized and the resulting ingots — up 
to 8 in. diameter by 42 in. long — will contain a 
maximum of 30 ppm. oxygen, nitrogen and carbon. 

The attractive combination of fabricating char- 
acteristics and mechanical properties which can be 
obtained when the furnace is employed is demon- 
strated by tests on a new columbuim alloying con- 
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Technical 


In Brief 


taining 10% W and 5% Zr. At 2400° F. the tensile 
strength of this alloy, designated Cb-752, is 25,000 

si. and the alloy is not embrittled on heating to 
higher temperatures. It can be rolled down to 
0.005 in., and 0.040-in. sheet can be cold-bent 
180° without cracking. The alloy is easily welded 
and weld ductility during bending is good. 


Computer Controis Production 
of Carbon Resistors 


A.S.M. trustee, A. R. Fairchild, had a signifi- 
cant part in developing a technique for apply- 
ing a thin film of gold to the ends of deposited- 
carbon resistors that are made in an automatic line. 
Controlled by a computer, the line consists of 11 
machine stations plus a computer and control cabi- 
nets. It turns out up to 1200 resistors per hour at 
the North Carolina Works of Western Electric Co., 
Winston-Salem, N.C. 

Unique feature of the process is a digital control 
computer which schedules and programs the work, 
analyzes data and applies statistical tests to deter- 
mine if a trend is developing. In addition, the com- 
puter calculates new setup information for the 
appropriate station should the analysis indicate 
deviation from accepted manufacturing tolerances. 

This complex equipment controls the production 
of carbon resistors that begin as tiny ceramic cores 
and travel one by one through the automatic line. 
Each core is coated with carbon, gold contacts are 
applied by a sputtering process performed in argon 
that deposits a film ten millionths of an inch thick 
to each end, lead wires are attached, resistance is 


DepostTED-CARBON RESISTOR 
Computor-Controlled Line Produces Up to 
1200 Every Hour 
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adjusted in a helixing machine by cutting a spiral 
groove in the carbon film, and the resistor is encap- 
sulated in epoxy. 


From Here and There 


Control of smoke and fume has been put under 
automatic control of U. S. Steel Corporation’s 
Geneva Plant in Utah. Over 95% of all dust and 
fume particles are removed from stack gases of 
ten open-hearth furnaces (annual capacity: 2,300,- 
000 net tons) by electrical precipitators built by 
Research-Cottrell, Inc., Bound Brook, N.J. The 
automatic system makes high-speed adjustments in 
the electric power to the precipitators as the con- 
centration of the particles in the flue gases changes. 


A single-piece generator rotor for a steam tur- 
bine will be forged from a vacuum-cast ingot of 
nickel-molybdenum-vanadium alloy steel weighing 
535,000 Ib. Poured by Bethlehem Steel Co., at 
Bethlehem, Pa., the huge ingot eliminates the need 
for making the rotor in sections which would then 
be bolted together. 

Steel sickles on mowing machines last longer and 
stay sharper if a thin layer of tungsten carbide is 
fused to the cutting edges. James Monde, presi- 
dent of the American Specialty Co., Stratford, 
Conn., said that the carbide is applied to the under- 
side of the sickles, and is constantly exposed as the 
base metal (S.A.E. 4340) wears. This creates a 
self-sharpening action which extends the cutting 
time by four to five times before sharpening is 
needed. 


Deftorming Metastable Austenite 
Produces New Strength Levels 


Since deformation of metastable austenite was 
suggested as a promising strengthening mechanism 
(see Metal Progress, August 1954, p. 103 and Sep- 
tember 1959, p. 66), much progress has been made 
in bringing the technique closer to the realm of the 
practical metals engineer. Recent work in this field 
will be described next month in Metal Progress. 
New data will be presented which demonstrate the 
advantage of deforming certain alloy steels within 
the time-temperature region defined by the “bay” 
of the T-T-T curve. The article will show, for 
example, that modified H11 tool steel can achieve a 
yield strength of over 350,000 psi. along with an 
elongation of about 8%. 
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Why shout? 


We don’t make 
fancy claims, just 
go electrodes. 

e take great care 
in making them. We 
make all kinds, too. 


All we ask is that 

you try a box. We think 
you'll be pleased with 
the way they weld. BUT: 
If they aren’t — in 

your honest opinion — 
as good or better than 
any electrode you’ve used, 
bring back the box 

and we’ll give you back 
your money. 


Square deal? 


HARNISCHFEGER 


Milwaukee 46, Wisconsin 
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Cast high-nickel alloy trays and loading fixtures in mass 
carburizing system handle hot work through treatment. Other 


In cycle after cycle... 
Cast high-nickel alloy furnace trays 
withstand 1700°F carburizing atmospheres 


Resistance to carburization and thermal 
shock . . . high-temperature strength and 
castability make high-nickel alloys ideal 
for work trays, loading fixtures and other 
furnace parts. 


Truck gears and other parts are mass 
treated in five carburizing furnaces like 
the one shown above at a well-known 
automotive plant. 

In cycle after cycle, cast Type HT* 
high-nickel alloy work trays are used to 
carry the gears through a carburizing 
atmosphere of 1650 to 1700°F, through 
a 400°F oil quench and final cooling at 
room temperature. Type HT alloy has 


the hot strength to handle heavy loads 
and it easily withstands the thermal 
shocks of this three-stage heat treating 
cycle. 

Type HT alloy is one of four whose 
high nickel content — over 33% — puts 
them in a class by themselves for resist- 
ance to sustained high temperatures and 
carburizing furnace atmosphere. You'll 
do well to specify these high-nickel 
alloys for your heat treating furnaces. 


To help you select the best possible 


high-nickel alloy castings in this furnace include radiant tubes, 
hearth plates, nails, bracket keys, guides and elevators. 


alloy, we offer the new 64-page booklet, 
“Heat Resistant Castings, Corrosion 
Resistant Castings... Their Engineering 
Properties and Applications.” You'll find 
it useful when considering such design 
factors as sizes, shapes, atmospheres, 
load or cycling requirements. A post 
card today will bring you your free copy. 


Alloy Casting Institute designation 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street deo, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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THER-MONIC 


most complete range of 


tions resolved in our 

This 

and know-how pate us to 
prescribe the techniques and 
equipment best suited for you 
requi 


INDUCTION HEATING corp. 
181 WYTHE AVE., BROOKLYN 11, N.Y. 


Subsidiary of Hathaway Instruments, Inc, 


Circle 806 on Page 48-B 


AUGUST 1961 13 


o = M 
vin 
wel | | 
| 
| | 
THER-MONIC features. 
Contact ctory or you 
local IHC re 
| 


Metal parts and assemblies which 
have undergone machining, grind- 
ing, heat treating, forging or press 
drawing operations usually have to 
be cleaned prior to the next process- 
ing step or final packaging. 

A cleaning compound is selected 
according to the type of soil, its 
stubbornness and whether the surface 
has to be chemically clean—as re- 
quired if plating or enameling are 
to follow. 

Since the development of surface 
active agents it has been found un- 
necessary in intra-operation cleaning 
to use a harsh alkali. Today’s metal 
cleaning compounds seldom contain 
free caustic, yet they are far more 
effective than the earlier materials. 
By combining detergents with mild 
alkalies there are definite advantages 
of easier rinsing, better soil disper- 
sion and emulsification, plus mini- 
mum resoiling from a used bath. 


Excessive heat unnecessary 


Temperatures can be lower, too, 
hence easier on the operators. The 
same modern cleaner which will 
remove light soil at room tempera- 
ture will be more effective at 120°- 
140°, but it need not be raised to the 
boiling point, with resultant fumes, 
steaming and discomfort. 

The detergents used in these 
modern cleaning formulations for 
use in power washers are non-foam- 
ing, therefore do not interfere with 
maximum spray impinging force 
which helps dislodge adhering soil. 


Rust protection built in 


Another modern trend in cleaning 
compounds is to add a water-soluble 
rust preventive, to protect against 
early rusting by leaving a very slight 
film on the metal—one which does 
not interfere with subsequent opera- 
tions. Of course, this is not possible 
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A fresh approach to metal cleaning 


jovucH TON METAL CLEANERS 


Determining the concentration of a cleaning bath and its rate of exhaustion is one of 
the puzzlers for many a metalworking plant. To be accurate, a chemical titration is 
more dependable than short-cut “gadgets” sometimes offered. The Houghton technical 
staff man uses this kit for exact measurement of the strength of a solution. Description 
or demonstration is available to our customers upon request. 


One more improvement in today’s 
cleaners is the property of water 
softening. These newer products 
contain sequestering or chelating 
agents which combine with hard 
water constituents, holding them in 
solution and preventing precipita- 
tion on the work or in the rinse tank. 

This ability of today’s metal 
cleaners to lower surface tension, to 
protect against early rusting and to 
soften hard water has resulted in 
industry’s taking a new look at their 
cleaning practices. Fewer varieties 


are required because a single cleaner 
will do a far wider range of work 
than could the old style free-caustic 
varieties. 

Houghton’s new approach to 
cleaning is typified by our Cerfa- 
Kleen line of soak tank and power 
washer compounds—both for cold 
and hot solutions. If you need a 
plater’s cleaner, or one for removal 
of inorganic soil, or an acid type, 
we have those too. Write E. F. 
Houghton & Co., 303 W. Lehigh 
Ave., Philadelphia 33, Pa. 


Houg hton 


‘NDUSTRY’s 
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THE RESEARCH STORY BEHIND THIS AD 


—-Chosen 
Of Elimination 


NCOLN CONTINENTAL 


FORD TESTED The search for the best defense against 
A — ORGANIC COATINGS corrosion was a major project with Ford Motor 


1. - Primers (Solvent Base and Water Company. A long and painstaking series of 
Emulsion Base) laboratory, road and production tests were 


Metallic Rich Paints scientifically conducted and evaluated before 
Plastic Coatings 


Self Foaming Materials 
Greases, Waxes, etc. 


Ford named the winner—galvanized steel. 


B — STEEL ALLOYS 
1. Stainless Steel 
2. Special Alloys 


C — MORE UNUSUAL METHODS 
(Such as vapor phase inhibitors, irradiated 
steels, forced ventilation, etc.) 


D — METALLIC COATINGS 
Aluminum Clad 
Terne Plate 
Tin Plate 
Cadmium Plate 
Zinc Coated 


A. Electrogaivanized . 
B. Hot Dipped Corrosion-Protection 
ls A Job For ZINC 
Reprints of an extensive report on the Ford research program which 


culminated in their choice of Zinc are available on request from St. Joe. ais A N D T H E 


ZINC FOR THE JOB 


ST. JOSEPH LEAD COMPANY qgife}> 


250 PARK AVENUE NEW YORK 17, N.Y. 2N-192 
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Charles Parke, production engineer at the Potter and Brumfield plant, a division of American Machine and 
Foundry Company, spot checks a part while operator removes remaining components from the cleaning system. 


“WE MAGNIFY EACH PART 10 TIMES... DON'T 
FIND GREASE AFTER A NIALK’ TRICHLOR BATH” 


Workers handle delicate microminia- 
ture relays with utmost care in Potter 
and Brumfield’s “white room.” Yet 
some contamination with dust and 
grease is inevitable. 

“We assume everything is contani- 
inated,” continues Charles Parke, pro- 
duction engineer—and orders all of the 
minute parts cleaned with Nialk TRI- 
CHLoRethylene. 


100,000 parts between cleanouts. 


According to C. R. Stone, Director of 
Production, Nialk Trichlor removes the 
last bit of film on the metals. Potter 
and Brumfield degreases magnetic iron 
and nickel silver, running about 100,000 
parts through between cleanouts. 
They tried another vapor degreasing 
solvent, but “it didn’t do the job Nialk 


Trichlor does. It wasn’t distilling right 
and it wasn’t doing the cleaning job.” 

Though much metal goes through 
every degreasing bath, this company 
doesn’t have to titrate or run other 
tests. 


Flush and vapor degrease—one trichlor 
Potter and Brumfield uses one grade of 


trichlor for both flushing and vapor 
degreasing, considers this an impor- 
tant benefit. 

And Mr. Stone concludes, “Hooker 
should get a large share of credit for 
the quality of parts produced by Potter 
and Brumfield.” 

You can get the same dependable 
cleaning with nonflammable Nialk 
TRICHLORethylene. 

Hooker technical experts will help 
you set up your system. Then they’ll 
check back with you regularly to make 
sure your flushing or degreasing op- 
eration stays trouble-free. 

Talk to your Hooker Chemical dis- 
tributor. He'll gladly help you with 
your problems and questions. 

Or write us direct. We have years of 
experience to put at your disposal. 


HOOKER CHEMICAL CORPORATION 


408 UNION STREET, NIAGARA FALLS, NEW YORK 


CHEMICALS 
PLASTICS 


Sales offices: Buffalo, Chicago, Detroit, Los Angeles, New York, Niagara Falls, Philadelphia, Tacoma, Worcester, Mass. In Canada: Hooker Chemicals Limited, North Vancouver, B.C. 
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BUDD 
GAMMA 

RADIOGRAPHY 

PAYS 


Budd gamma radiography equipment is used 
today throughout the free world to bring 
speed, economy and mobility to the inspection 
of castings and forgings . . . steel and steel 
plate products . . . machinery and large ma- 
chine parts... solid fuels for rockets and missiles 
. .. beams, piers and other structural units... 


WsTRUMENTS 47 


inspection areas. 


radiographs large pieces like this ste 


console control center. 


Model! 50 Multitron radiographs... 


job anywhere in the shop. 


pipe, pressure vessel and fabricated structure 
weldments . .. wrought metal items. . . a host 
of other products. One of the 21 standard Budd 
Iriditron and Multitron models will probably 
fit your exact requirements. Write or call for 
our Gamma Radiography Bulletin, or for a 
consultation on your needs. 


THE BUDD COMPANY - P.O. Box 245 + Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga.; Chicago, IIL; 
Dallas, Tex.; Los Angeles, Calif. 


In Canada: Budd Instruments, Ltd., 170 Donway West, Don Mills, Ont, 
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Division, a lightweight, easily-carried Model 
30 Iriditron simplifies checking plate welds in 
the bow section of this steel barge, in outdoor 


At Pacific Southern Foundries, Inc., a sub- 
sidiary of Pacific Vaives, inc., a powerful 
1000-curie Model 1061 Multitron quicki 

d valve 


casting. Unit features fully automatic fail-safe 
protection and remote operation from a 


At a large pipe and metal fabricating shop, a 
in just 
one exposure... the entire circumference of 
a 360° weldment at the Tee fitting of this pipe 
assembly. Featuring remote control and com- 
plete mobility, the Model 50 goes right to the 


» 
17 


Rough-machined ring and forged ring being sawed at our Homestead Works. * 
Three-ring rotor, showing rectangular holes through ring wall, with end plates and tubular spindle assembled into a unit ready to ship. 


How to bring a missile back 
through temperatures to 8,500°F 


You can broil a steak at 350°F. Pure iron melts at 2795°F. 
Most meteorites burn up when they enter the earth's 
dense atmosphere. Today, man is firing missiles to mete- 
oric altitudes—but the problems of tolerating the extreme 
temperatures of re-entry have been the greatest challenge 
to his ingenuity. 

One of the major obstacles to simulating re-entry con- 
ditions was how to produce for realistic time durations 
pure air in large volumes at meaningful temperatures, 
pressures and velocities. This problem is being solved 
with the Wave Superheater—an innovation in hypersonic 
wind tunnels. Temperatures to 8500°F, pressures to 200 
atmospheres and velocities up to Mach 15 can be attained 
with this facility. Cornell Aeronautical Laboratory has 
devised this equipment to test full-scale missile compo- 
nents in the laboratory. 

The wave superheater is essentially a blow down system 
using a rotor with 288 tubes (passages) drilled into its 
periphery. The shock tubes are charged with air; then a 
driver gas (helium) at a pressure of 1500 psi is released 
through one end of each tube, successively superheating 
by shock waves the air which is then collected and ex- 
panded into the wind tunnel. The rotor operates at a 
maximum temperature of 800°F; each tube is momen- 
tarily cooled as it rotates, to be ready for the next charge. 
Rotor Ring Forgings. The heart of the superheater is the 
rotor made from three USS Stainless W forgings. The 
rough-machined rings are each 63” OD, 54” ID, 2314” 
long and weigh 6,000 pounds each. USS Stainless W was 
chosen for this demanding application because of its pre- 
cipitation hardening characteristics, and its ability to 


retain the required high strength at the operating 
temperature. 

The three rings were obtained from a 59” diameter 
ingot, which was cogged, sheared, upset-forged, punched 
and finally mandrel-forged under our 10,000-ton press. 
After rough machining and completing the inspections 
called for, the rings were shipped to 20th Century Ma- 
chine Tool Company, Utica, Michigan, who drilled and 
broached the holes seen in the assembled view of the 
three-ring rotor. With an assist by Hoover Tool & Die 
Company, Warren, Michigan, the final machining and 
assembly was completed in 10 months. 

No matter what kind or size of USS Quality Forgings 
you need, you get the advantages of the finest steel, the 
most modern equipment and the most skilled forging men 
in the world. Address inquiries to United States Steel, 
525 William Penn Place, Pittsburgh 30, Pennsylvania. A 
copy of our booklet “USS Nuclear Forgings” may be 
secured by writing to the same address. USS isa registered 
trademark. 

United States Steel Corporation - Columbia-Geneva Steel 
Division - Tennessee Coal and Iron Division + United 
States Steel Export Company 


United States Steel 


TRADEMARK 
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New bulk-packaging of Ansco 

Industrial X-ray Film Saves storage 

space... Makes film handling surer, easier... 
Fits standard storage bins .. . Cuts film costs! 


Two forms of the new Superpak package are available to Ansco Industrial 
X-ray film users. Illustrated here in the popular 314 x 17 inch size. Both 

the Superpak ‘300’ and Superpak ‘600’ shipping cartons have the same 
outside dimensions. In the ‘300’ package, each of the four inner cartons 
contains 75 sheets of film packed with interleaving paper. In the ‘600’ 

package, each inner carton contains twice as much film-——150 

sheets—packed without interleaving paper. 

Both packages bring the dependable performance of Ansco Industrial X-ray 1 
films to the industrial user in a more convenient and economical 1 xe ray 
form. Ansco, Binghamton, N. Y. 
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CASTINGS FOR HIGH 
TEMPERATURE SERVICE 


FAHRI 


HEAT AND CORROSION 


ite alloy castings have high 

tensile strength, high resistance to 
thermal shock and stand up longer 

in service. There are grades of 


Fahrite to meet your exact operating 


W will assist OHIO engineers 
in preparing quotations for you 
te furnish complete operating 
conditions. 
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Report from Carborundum: 


6 ways to 


materials 


SKID RAILS IN REHEAT FURNACE: 


SILICON CARBIDE RAILS LAST 30 TIMES AS 
LONG AS STEEL IN HIGH TEMPERATURE, 
ABRASIVE SERVICE. The 6%” x 8” brass billets seen 
in the picture are pushed through a 38-foot long gas- 
fired extrusion mill furnace. Steel skid rails required 
replacement every five weeks. When CARBOFRAX 
silicon carbide rails were installed, 156 weeks of 
service were obtained. Reduction in downtime re- 
sulted in lower operating costs and higher production 
rates. Superior wear resistance and ability to with- 
stand high temperatures make silicon carbide a profit- 
able choice for applications like this. 


with refractory 


i 


HANDLING MATERIALS IN ACID SOLUTIONS: 


SILICON CARBIDE WEAR BLOCKS RESIST COR- 
ROSION AND ABRASION. Steel wire moving at 100 
ft/min passes over CARBOFRAX® silicon carbide 
wear blocks to a pickling tank in the photo above. A 
15°/o solution of sulfuric acid at 400 F is used. Sinker 
blocks are also of CARBOFRAX silicon carbide. De- 
spite the action of the acid and the abrasion of the 
wire, the silicon carbide shows no wear after months 
of service. Similar applications involving Carborun- 
dum refractories are found in aluminizing and other 
wire coating baths. 


LONGER LIFE FOR BURNER RINGS: 


SILICON CARBIDE CONSTRUCTION WITH- 
STANDS FLAME EROSION AND HIGH TEMPERA- 
TURES. Refractory burner rings in pulverized coal- 
fired boiler frequently fail fast because of the 
abrasive action of the fuel particles and thermal 
shock due to intermittent operation. Many users have 
found an answer to the problem in CARBOFRAX 
silicon carbide rings. Silicon carbide is not only 
superhard, but also stays hard at high temperatures. 
High thermal conductivity and resistance to thermal 
shock minimizes cracking and spalling. Flame pat- 
terns are maintained. 
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DIRT-FREE OPEN FIRING WITH MOVABLE KILN: 


FIBERFRAX® CERAMIC FIBER LINING REPLACES 
BRICK: MAKES POSSIBLE TEMPERATURES UP 
TO 2200 F. The interesting movable kiln illustrated is 
made by Unique Kiln Co., Hillsdale, N. J. It moves on 
rails to enclose a stationary loading bed. Two beds 
can be serviced alternately. Door and hood linings of 
Carborundum’s light-weight FIBERFRAX ceramic 
fiber, in block form, eliminate the problem of dis- 
lodged dirt and dust encountered with fireclay type 
refractories, which often damage ware being fired. 
High heat resistance and insulating properties of 
FIBERFRAX fiber make possible firing up to 2200 F. 


ELIMINATING CRACKING IN KILN CAR TOPS: 


COMBINATION OF REFRACTORIES SOLVES 
PROBLEM IN CERAMIC INDUSTRY. Used in a gas- 
fired electrical porcelain kiln, the cars illustrated have 
been in service for more than two years at cycles of 
14 to 15 hours, operating from cold to 2290 F to cold. 
Car top cracking due to heat shock has been elimi- 
nated by use of three different Carborundum refrac- 
tories—a bottom layer of MULLFRAX® electric furnace 
mullite for high load carrying capacity, a middle 
course of ALFRAX® alumina “bubble” brick for in- 
sulation and an upper course of CARBOFRAX< silicon 
carbide tile for resistance to thermal shock. 


SHAPES AND JIGS MACHINED FROM CERAMIC: 


BORON NITRIDE IS EASILY MACHINED; RESISTS 
HIGH TEMPERATURES AND CORROSION. The 
photo shows the machining of a semi-conductor jig 
from Boron Nitride, a self-bonded material made by 
Carborundum. Close tolerances, high surface finish 
and intricate detail are possible. Boron Nitride offers 
advantages in semi-conductor production compared 
with graphite jigs, yields from which often drop 40°/e 
after only 50 cycles. The material also offers possi- 
bilities for insulating tubes and shapes; chemical 
equipment parts, crucibles, brazing fixtures, gaskets 
and seals. Shapes withstand furnace temperature of 
3000 F; powder as high as 5400 F. 


Want help on your problems? 
Carborundum engineers will be glad to recom- 
mend refractories to answer your specific needs, 
For information, contact Dept. M-81, Refrac- 
tories Division, Carborundum Co., Perth Amboy, 
N. J. Descriptive brochures available on request. 
Please specify the area or areas of particular in- 
terest to you. 


for engineered refractories...count on 


CARBORUNDUM 
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universal testing machines 


WITH A FUTURE 


RIEHLE 120,000 Ib. Universal Hydraulic 
Testing Machine 


RIEHLE offers complete instru- 
mentation and accessories for 
testing materials over a wide 
range of temperatures. This in- 
cludes vacuum furnaces for tests 
up to 5000°F., cryostats for tests 
down to 4°K., a full range of 
specimen holders and tools, auto- 
matic strain rate and load rate 
controls and load cells. 


RIEHLE offers sensitive, rapid re- 
sponse testing machines in both 
screw power and hydraulic types 
in capacities from 2,000 to 
450,000 Ibs. 


RIEHLE Electro-Balanced Indicat- 
ing Unit—the most versatile, ac- 
curate indicating system on the 
market —is available for both 
types of testing machines. 


RIEHLE Testing Machines are 
floor-mounted . . . no special 
foundation required. 


RIEHLE combines ruggedness and 
sustained accuracy with inherent 
long, trouble-free service by us- 
ing the most advanced methods 
in modern engineering technology 
and fabricating practices. 


RIEHLE maintains a national field 
calibration service for complete 
and dependable certified inspec- 
tion and calibration. 


RIEHLE engineers often save proj- 
ect time, capital investment and 
labor costs by recommending 
testing procedures and equipment 
to meet specific requirements. 
Write for Bulletin RU-2-60. Ad- 
dress Dept. MP-861. 


Riehle RIEHLE also builds Creep and Stress-Rupture Testing Machines, 


RIEHLE TESTING MACHINES DIVISION OF Hydraulic Fatigue Testing Machines, Construction Materials, im- 
. ° pact, Brinell, Torsion, Horizontal Chain, Rope and Cable Testers 
American Machine and Metals, Inc. and Portable Hardness Testers for Rockwell Readings. 


EAST MOLINE, ILLINOIS 


Divisions of American Machine and Metals, Inc. 


TROY LAUNDRY MACHINERY © RIEHLE TESTING MACHINES ¢ DEBOTHEZAT FANS ¢ TOLHURST CENTRIFUGALS ¢ FILTRATION ENGINEERS © FILTRATION FABRICS * NIAGARA 
FILTERS © UNITED STATES GAUGE ¢ AUTOBAR ¢ AUTOMATIC DEVICES e¢ LAMB ELECTRIC COMPANY © HUNTER SPRING COMPANY @¢ GLASER-STEERS CORPORATION 
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Foundry Degassing Unit 


A “Foundry Degasser” made by 
F. J. Stokes Corp. provides a simple 
and practical means of removing en- 
trapped gases from molten metal be- 
fore casting. The unit, which can ac- 
commodate crucibles up to 150 Ib. in 
size, consists of a vacuum chamber 
with a quick-opening cover, and a 
pumping system capable of evacuat- 
ing the chamber in a minimum of 
time. The procedure for degassing a 
melt is simple: A crucible is lowered 
into the chamber, the cover is swung 
into place and in 5 to 10 min. most 


of the entrapped oxygen, ledniain, -— nitrogen has been eliminated. In ad- 
dition, the rapid churning action flushes dross to the surface. Degassed metal 
yields cleaner, denser, stronger castings, low in porosity and voids. 

For further information circle No. 540 on literature request card, p. 48B 


xs Steel 


Welded Steel Tubing 

The addition of more than 400 new 
sizes and gages to its line of round, 
square, and rectangular tubing per- 
mits Republic Steel Corp. to offer 
carbon steel rounds up to 6 in. O.D. 
with a 0.250-in. wall; squares up to 
5 in. with a 0.250-in. wall; and rec- 
tangular sizes with peripheries up 
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to 20 in. The tubing conforms to Re- 
public’s ST-101 specification covering 
resistance welded carbon steel tubing 
for structural use: 33,000 psi. (min.) 
for grade A round tube; 42,000 and 
50,000 for grade B and C, respec- 
tively; for shapes, yield strengths are 
33,000, 45,000, and 55,000 psi. Mini- 
mum sizes are % in. O.D. in 22-gage 
rounds, % by % in. squares in 22- 
gage; and % by % in. rectangular 
tubes in 22-gage. Tubing is available 
in carbon grades ranging from A.LS.I. 
1008 to 1040. 

For further information circle No. 541 
on literature request card, p. 48B 


Tooting 


Reinforced Grinding Wheel 

Designed for weld grinding and 
light snagging, this wheel combines 
the advantages of a saucer shape with 
the convenience of a _ throwaway 
mount. Available in 7 and 9-in. sizes 
to fit standard portable grinding 
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The man who heat treats many differ- can realize major savings with 
ent tools... Crucible’s new Tool Steel Service. 


he'll now be able to heat treat many He'll know exactly how each grade 
responds to heat treating. 


He’ll operate his furnaces more effi- 
ciently and profitably because more tools at one time. 


e 


—so he’ll certainly get more consistent All by standardizing on a few basic 
results by employing time-tested tech- tool steel grades! 
niques. 


CRUCIBLE | STEEL COMPANY OF AMERICA 


Branch Offices and Warehouses: Atlanta Baltimore Boston Buffalo Caldwell, N. J. Charlotte Chicago Cincinnati Cleveland Columbus Dallas 

Denver © Detroit « Erie, Pa. ¢ Grand Rapids Houston ¢ Indianapolis ¢ Los Angeles * Miami ¢ Milwaukee ¢ Minneapolis ¢ New Haven e New York © Philadelphic 

Pittsburgh Portland, Ore. Providence Rockford Salt Lake City San Francisco Seattle Springfield, Mass. St. Louis E. Syracuse Tampa Toledr Tulsa 
CRUCIBLE STEEL OF CANADA, LTD., SOREL, QUEBEC, CANADA 
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equipment, the “Cut-N-Saucer” wheel 
permits the operator to get closer to 
the work — this means easier control 
and less operator fatigue. Norton Co. 
For further information circle No. 542 
on literature request card, p. 48B 


Automatic Circular Saw 

Aluminum alloy billets and slabs 
up to the largest sizes produced — 36 
in. diameter or 20 by 6v-in. slabs — 
can be cut to close length tolerances 
with a 100-in. diameter circular saw 
made by Loma Machine Mfg. Co. 


Driven by a 200-hp. two- “speed motor 
(3000 or 6000-ft. per min. cutting 
speed ), the machine features an over- 
head sliding carriage design. The hy- 
draulic feed provides variable cut- 
ting rates up to 2 in. per sec. A unique 
safety feature makes the saw virtually 
jam-proof. 

For further information circle No. 543 
on literature request card, p. 48B 


Heating 


Noble Metal Thermocouple 

In response to demands for a ther- 
mocouple material with an emf. equal 
to Chromel-Alumel, plus _ stability 
over an extended temperature range, 
Englehard Industries, Inc. has de- 
veloped a noble metal coupie called 
“Platinel”. After testing for 2500 hr. 
at 1300° C. in jet engines and nuclear 
reactors, a drift of only two degrees 
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(emf. output) was found. The ther- 
mocouple wire, obtainable in all 
standard sizes, is designated Platinel 
1786 for the positive leg (an alloy of 
gold, palladium, and platinum) and 
Platinel 1503 for the negative leg 
(gold and palladium). 

For further information circle No. 544 
on literature request card, p. 48B 


Cold-Wall Vacuum Furnace 

Designed for materials research, 
development, and _ production pro- 
grams in the electronics, space and 
nuclear fields, a line of vacuum fur- 
naces from Vacuum Specialties, Inc. 
can produce temperatures up to 


2500° C. (4500° F.) at 1 x 10° mm. 
Hg. The units, which range in size 
from 60 to 2700 cu. in., employ a 
series of double-hairpin-shaped _ re- 
fractory metal rods, attached to quick- 
acting, water-cooled connectors. The 
heat shields, made of thin dimpled 
refractory metal sheets, are easily re- 
moved for cleaning and 
For further information circle No. 545 
on literature request card, p. 48B 


Double Spiral 
Heating Elements 
The “Type DM” element, a hollow 


silicon carbide tube up to 3 in. in 
diameter, is made with a double spiral 
hot zone and has both electrical con- 
nections at one end. Ideally suited 
for use in laboratory crucible furnaces, 


w. “Bill” Pine, 
our chief metal- 
lurgist says .. 


Talk about controlled heat . . . easy 
operation . . . versatility . . . econ- 
omy — and you're describing a 
Hayes Model LAC-200 Series Con- 
veyor Brazing Furnace. 
MULTI-ZONE HEAT CONTROL 
permits exact settings of tempera- 
ture profiles — for quality work on 
each brazing, alloying, metal bond- 
ing or soldering cycle. When work- 
ing with parts of unequal section, a 
pre-heat zone insures stabilized heat 
throughout the mass. 
CONSTRUCTION MATCHES THE 
JOB. If an exothermic atmosphere 
is to be used, open chamber con- 
struction reduces equipment cost. 
For more refined atmospheres, 
muffles are available, which provide 
a baffling action to prevent creep- 
ing of temperature profiles. 


WORK HANDLING IS EASIER, 
too, with a Hayes Model LAC-200 
Series Furnace. Loading tables 
combine with constant belt feed to 
make this a remarkably high-pro- 
duction unit, per dollar cost and 
per foot of floor space. 


VERSATILITY COUNTS. While 
designed for brazing, your Hayes 
furnace can double for annealing, 
hardening, and other heat treat 
operations. It's a bull for work! 
WHATEVER YOUR BRAZING 
NEED — from silver (1100°F 
range) to platinum (3400°F range 
with type M-Y or Vacuum Fur- 
naces), Hayes know-how in equip- 
ment and engineering can come up 
with a RESULTS GUARANTEED 
answer .. . tested in our lab. on 
full-production equipment 
proven by scores of successful 
installations in 
industry. Bul- 
CONV NACES letin S711A 
= gives LAC 
details. For 
your copy, 
write C. I. 
Hayes, Inc., 
802 Welling- 
ton Ave., 
Cranston 10, 
Rhode Island. 


1. HAYES, iwc. 


Established 1905 


it pays to see Hayes for metallurgical 
guidance, lab. facilities, furnaces, atmos- 


Pow-R-Trol (TM) control units. 
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SYLVANIA BLAZES 


NEW 


IN REFRACTORY METAL 


REMARKABLE NEW PROCESS 


... opens way for you to solve critical high-temperature design problems 


At 5500°F. cobalt runs like water. Nickel boils. Zinc 
vaporizes. But tungsten remains solid. 

To make this property pay off for you, Sylvania recently 
put to work its new isostatic pressing and sintering 
operation. Through this operation, it can produce tung- 
sten or molybdenum ingots up to 10” in diameter and up 
to 4 feet long. Sylvania now produces all four — billets 
and ingots for forging, electrodes for arc casting, blanks 
for machining, or machined blanks ready for your use. 


Perhaps you've never considered refractory metals as the 
answer to your needs. But the same properties that solve 
the problems of throat inserts for rockets and missiles can 
pay you dividends in piercing points, boring bars, dies, 
tools and in countless other ways. 

Want more facts? Or experienced technical help in prov- 
ing out your special ideas? Just write Chemical & 
Metallurgical Division, Sylvania Electric Products Inc., 
Towanda, Pennsylvania. 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS ea) 
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the elements may be mounted ver- 
tically, or horizontally with con- 
nections at the rear. Should the proc- 
ess demand it, the elements may also 
be lowered over the work. Morganite. 
For further information circle No. 546 
on literature request card, p. 48B 


Multi-Purpose Pyrometer 

A pyrometer introduced by Ed- 
mund Scientific Co. can be used with 
practically all base-metal thermo- 
couples, and also serves as a sensitive 
millivolt meter. This precision in- 
strument is unaffected by different 


lengths of thermocouples because of 
its high internal resistance. The three 
scales are: 32 to 2400° F. and 0 to 
1370° C. for Chromel-Alumel (Ty 

K) thermocouples; and 0 to 50 milli- 
volts. Conversion tables are included 


for use with Type J, L, and T thermo- 
couples. 

For further information circle No. 547 
request 


on literature card, p. 48B 


Car-Bottom Kilns 

Operating at temperatures up to 
2700° F. in air or a controlled atmos- 
phere, this unit is employed in proc- 
essing abrasives, carbon products, 
and precision electronic parts such as 
ferrites and titanites. Two power 
ranges are available: low-power for 
standard slow-cycle firing, and high- 
power for accelerated firing at high 
temperatures. Normal convection cool- 
ing or faster forced cooling is avail- 
able on both models. Harper Electric 
Furnace Corp. 


For further information circle No. 548 
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Low-Temperature Processing 


Cincinnati Sub-Zero Products an- 
nounces a 250 cu. ft. recessed cham- 
ber for low-temperature (to —110° 
F.) metallurgical processing of ferrous 
and nonferrous materials. The stain- 
less steel chamber, 120 in. long by 60 
in. wide by 60 in. deep, will chill one- 
half ton of steel from ambient to 
—110° F. in 2 hr. Model 6SR-110- 
250-R, with a thermal capacity of 
12,000 Btu. per hr. at — 100° F., fea- 
tures two 16-in. fans for even tem- 
perature distribution, and three hy- 
draulically operated lids for full access 
to the chamber interior. 

For further information circle No. 549 


Finishing 


Selective Plating Anodes 
Useful for prototype work, the 
“Selectron” plating process is an ideal 
maintenance and repair tool because 
it often eliminates disassembly and 
reassembly. Two new plating styluses, 
half-round and flat, extend the range 
of application of Selections, Ltd. 


“table-top” systems. 
The flat “SF” anode, available in 
three sizes up to 3% by 2% in., is used 
in plating large flat or slightly convex 
surfaces. The “HR” stylus, with one 
flat and one round surface, is used in 
plating concave surfaces and hollows. 
Wrapped in cotton and saturated with 


electroplating 


PSC fabricated tubes furnish four substantial advantages: (1) 
Light-wall construction saves furnace time and fuel. (2) Return 
bends are of same wall thickness as tubes, promoting uniform 
flow of gas. (3) Smooth dense walls minimize carbon build-up 
and burn-out. (4) Up to 100% longer life. In any alloy, size 
or type, including parabolics. We repair and remodel radiant 
tubes, retorts and inner covers -- save you money. 


THE PRESSED STEEL CO - 


Wilkes-Barre, 
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OPERATE ANY SLIP STEM OR ROTARY STEM VALVE 


OPERATE ALL INDUSTRIAL TYPE DAMPERS 


More torque! More precise 
positioning for industrial valve 
and damper applications! 


New Honeywell Actionator* Heavy-Duty 
Electrical Control Motors 


Use these compact, powerful new industrial motors 
wherever highly accurate modulating two or three- 
position control is required. 

Some models operate vertical-acting stem valves hav- 
ing lifts of from % to 1% inches. The double-ended 
shaft can also simultaneously operate rotary stem 
valves, butterfly valves and other devices through suitable 
linkages. Other models operate rotary-shaft type valves, 
dampers, louvers and other final control elements. 

ACTIONATOR control motors are available with 


*Trademark 


See us in Sweet’s 1961 Product Design File, Section 7b-Min, 
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two or three-position floating or proportional control, 
and with a variety of speeds from 7.4 to 120 seconds full- 
stroke operation. Torque ratings range to 200 inch /Ibs. 

Additional features include built-in linkage and strain 
relief, a mounting yoke and enclosed terminals with 
gasketed housing to meet JIC specifications. Also avail- 
able are models that include cam-operated internally 
mounted switches for a variety of sequencing switching 
purposes. 

For complete information, call your local Honeywell 
office. Or write Minneapolis-Honeywell, Dept. MP-8-62. 
Minneapolis 8, Minnesota. Sales and service offices in 
all principal cities of the world. 


Honeywell 
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electrolyte, the stylus is brushed over 
the area to be plated, depositing metal 
to precisely controlled thicknesses. 

For further information circle No. 550 


Soak Cleaner for Aluminum 
Silicate residues on aluminum are 
difficult to rinse and interfere with 
subsequent anodizing, chromating, or 
bright dipping — leaving visible pat- 
terns on the work. A silicate-free 
alkaline soak cleaner from Enthone 
Inc., “NS-35”, eliminates these trou- 
blesome films. The cleaner — a pow- 
dered material which is dissolved in 
water at 2 to 8 oz. per gal. concentra- 
tion — removes light soil, marking 
inks, and light buffing compounds. At 
temperatures below 150° F. it does 
not etch aluminum; above 150° F., 
very mild, controlled etching can be 
accomplished. 
For further information circle No. 551 


Ultrasonic Cleaner 


This two-stage vapor degreaser uses 
“Freon TF” solvent, recommended for 
cleaning parts containing metals, plas- 
tics, or other materials which would 
ordinarily be attacked by chlorinated 
solvents. Parts are placed in the 
ultrasonic chamber to loosen contami- 
nation and then transferred to the 
Freon vapor chamber; they emerge 
from the unit completely clean and 
dry. Available in three sizes, all 
models are self-distilling, which per- 
mits continual re-use of the solvent. 
National Ultrasonic Corp. 

For further information circle No. 552 


Welding 


W eld-Strength Tester 


VTA-46" 


“Model 
tensile tester evaluates weld joint 
strengths for applications such as 


The portable 
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THESE MIXERS ARE KICKING UP A calculated STORM 


If you could see through the wall of 
this large rectangular tank, you'd 
think you were looking at a slice 
of ocean in a hurricane. 

Ten 25-hp LIGHTNIN Mixers— 
five on each side of the tank—are 
causing all that turbulence. Reason? 
To quench large gears without 
cracks, without warps, and without 
rejects. 

But unlike rough seas, the agita- 
tion in this quench bath is far from 
wild and uncharted. It is scientif- 
ically measured turbulence of a 
specific flow velocity, tested and 
known to bring out the best of the 
desired qualities of the product in 
work. Heat extraction is always 


uniform. Results are predictable 
and fixed. 

Tailored turbulence such as this 
is made possible only by the careful 
correlation of the quenchant flow 
rate with the as-quenched proper- 
ties of the product. 

Our application engineers can 
help you draw such a correlation in 
your quenching operations. They'll 
specify the appropriate mixers and 
cooperate in the design of the tank. 


For information, write us or call 
your LIGHTNIN Mixer representa- 
tive listed in Thomas’ Register and 
in the yellow pages of your tele- 
phone directory. 


Mixers. 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT CO., Inc., 171-h Mt. Read Blvd., Rochester 3, N.Y. 


In Canada: Greey Mixing Equipment Ltd., 100 Miranda Avenue, Toronto 19, Ont. 


In Europe: Lightnin Mixers Ltd., Poynton, Cheshire, England 
Circle 820 on Page 48-B 
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Electric especially for high-temperature applications. Prepared by 
vacuum-induction-melting process, Rene 41 combines light. weight 
top strength with high-temperature resistance (1600° to 1800” F.). In adc 
"René 41 is extremely ductile; corrosion- and oxidation-resistant. 
This super alloy can be easily forged, welded, or formed; it is a’ 
_ sheets, plates, bars, billets, flats, wire, or castings. Can we help you? Write: 
Metallurgical Products Department of | 
Mile Road, Detroit 32, Michigan. 
*René a is a trademark of the Gene 
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statistical quality control of produc- 
tion welding, or setting up weld 
schedules. The units are available in 
two models having a testing range of 
0 to 50 Ib. or 0 to 100 lb. Both mod- 
els feature a load indicator, which 
holds maximum specimen pull until 
reset, and an anti-backlash mechanism 
which prevents surge readings at the 
breaking point. Hughes Aircraft Co. 
For further information circle No. 553 
on literature request card, p. 48B 


Bench Model 
“Spike” Welders 

The advantages of spike welding 
for joining dissimilar metals such as 
titanium, tantalum, tungsten, zircon- 
ium, Kovar, and other hard-to-weld 
metals are: low heat effect in weld 


zone; reduced shunt effect; lower 
weld pressures; and a columnar cur- 
rent pattern. Four models in the 
“$-Series” line have a weld-pressure 
range down to 2 Ib. for delicate pre- 
cision work, and a work range extend- 
ing from 0.001 in. diameter wire up 
to husky parts for transistors. Na- 
tional Electric Welding Machine Co. 
For further information circle No. 554 
on literature request card, p. 48B 


Cutting Torch 
Harris Calorific Co. is introducing 
a medium-pressure cutting attach- 
ment, “Model 73,” which can be used 
with any of their welding torches to 
cut up to 6 in. of steel. The unit em- 
ploys the head-mix principle and is 
virtually impossible to backfire. Five 
cutting tips (0 through 4) may be 
used and special tips are available for 
jobs such as thin-plate cutting, goug- 
ing, or rivet cutting and washing. 
For further information circle No. 555 
on literature request card, p. 48B 


Metal-Removal Torch 

Designed primarily for pad wash- 
ing in steel and alloy foundries, the 
“Model V” torch is also useful , for 
sprue removal and other heavy-duty 
cutting, gouging and beveling opera- 
tions. Features include a spring-steel 
wire guard to prevent accidental arc- 
ing; open-head construction for good 
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visibility; and light weight for easy 
handling. Available in three sizes — 
for %, 5% and %-in. electrodes — this 
carbon arc-air torch requires current 
varying from 400 to 1600 amp., de- 
pending on type of work and size of 
electrode. Arcair Co. 

For further information circle No. 556 


Portable Magnetic Tester 


For nondestructive testing applica- 
tions where portability and high 
power are desired, a light weight 
magnetic particle tester from Picker 
X-Ray Corp. can be employed. The 
“Portable Ferroscope” produces 1000 


amp. of a-c. or half-wave d-c. to detect 
surface and subsurface flaws in 
marine, aircraft, bridge or other heav 
construction. For maximum flexibil 
ity, it operates with coils or prods 
(either mounted as a pair for one-hand 
operation, or used separately ) . 

For further information circle No. 557 


High-Temperature 
Hardness Indentor 

The basic component in this high- 
temperature (3000° F.) indentor is a 
sapphire mounted in a molybdenum 
shank. It is manufactured in two 
shapes — sphero-conical and __pyra- 
midal (Vickers 136° angle). Shanks 
can be mounted in all standard test- 
ing machines or made to suit special 
requirements. F. F. Gilmore & Co. 


For further information circle No. 558 
on literature request card, p. 48B 


Mr. SHOTT and Mr. GRITT 


“One thing that may have been giving you trouble . . . 
you’ve got the wrong sock on your driver!” 


SHOT AND GRIT 


GENUINE ELECTRIC FURNACE 
STEEL ABRASIVES 


COMPANY 


ORIGINATORS OF CAST STEEL SHOT 


121 South Division Street, Ann Arbor, Michigan Phone: NOrmandy 3-8529 
Circle 822 on Page 48-8 
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“We had 18-20 hours downtime every time we changed heats. 
With strip, we just hook on from heat to heat. No downtime.’’ 


“With strip we use smaller blanks to produce the same part.’’ 


“By using strip we save downtime, die repairs.’’ 


Haynman’s, Target’s president: 


“We thought we’d give sheet a try back in 1958. 
The low cost looked too good to pass up. Today, 
you’d have a hard time finding a piece of cold rolled 
sheet around the shop. 

“‘We were absorbing 18-20 hours of downtime 
every time we changed heats. With strip, we just 
hook on from heat to heat. The characteristics are 
the same from heat to heat and coil to coil. We 
don’t waste time adjusting our dies. 

“Strip saves us metal. We can use smaller blanks 
to produce the same part. I’d say we save from 1%” 
to 3%” of metal per part. That’s a lot of steel when 
you’re turning out 25-30 million parts a year. 

“We don’t have gauge problems now. The strip 
we buy is always rolled within our working toler- 


“Rejects have dropped from about 8% to less than 1%.’’ 


“We found we couldn’t afford the low cost of sheet.’’ 


Read why Target Stamped Products, Inc., Kinsman, Ohio, switched 
from strip to sheet—and then back to strip. Comments are Harvey 


This mark tells you a product is made of modern, dependable Steel. 4 


ance. We work to a plus or minus .0025 inches. 

“So far, strip hasn’t given us lamination troubles. 
It doesn’t take much lamination to give you big 
trouble in a deep drawing operation. When the metal 
separates, part may stick to the punch while part 
stays in the cavity. As another blank transfers to 
the same station, there’s a double smash and the 
die is ruined. That hasn’t happened with strip. Saves 
a lot of downtime and die repair. 

“Strip takes a deep draw without thinning out on 
you. Its uniform temper pays off when you’re turn- 
ing out Silent Blocks where both the ID and OD 
have to be right or the part’s a reject. 

‘All in all our rejects have dropped from about 
8% to less than 1% since we switched back to strip. 
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Outer metal bushing of a Silent Block. Target Stamped Products turns out millions 
of these each year for the auto industry. Silent Blocks are used in the suspension 
systems of all American cars—about eight to a car. To produce the piece, Target must 
work to a plus or minus .0025” tolerance or the Silent Block won’t work. When Target 
switched back to strip, their rejects dropped from about 8% to less than 1%. 


**You can have all the automation in 
the world, but if you’re using the wrong 
steel, it just nickels and dimes you to 
death. With strip our machines keep 
working; we need less supervision, less 
tool repair. Our trim is small and our 
percentage of rejects is the smallest 
we’ve ever known. We found out we 
couldn’t afford the low cost of sheet. 
That’s why we’re back with strip.” 


The switch is back to strip 


Cold rolled sheet steel can be your best buy on a cost per pound basis. Uertainly its quality has risen sharply 
since the war. But, pound cost is only part of the story. If you really need steel tailored to your specific 
production requirements, cold rolled strip is the answer. 

Strip is not sold on an as-rolled basis. What you buy is a specific chemistry, temper, dimension, edge and 
finish to precisely meet your fabricating and end-use requirements. 

American Steel and Wire has over 12,000 mill practices in available strip specifications. Many of your 
processing steps may actually be eliminated by using cold rolled strip. 

Take a hard look at your production line and let our salesmen look with you. Check your rejects, your 
downtime, your scrap rate. Perhaps you can improve the quality of your product and cut production costs 
at the same time, with tailored-to-the-job cold rolled strip from American Steel and Wire. American Steel 
and Wire Division, Rockefeller Building, Cleveland 13, Ohio. USS and American are registered trademarks 


American Steel and Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal and Iron Division, Fairfield, Ala., Southern Distributors 
United States Steel Export Company, New York, Distributors Abroad 


AUGUST 1961 Circle 823 on Page 48-B 31 


i 
4 
| 
| 
| 
i 
; 


LINDE COMPANY, DIVISION OF UNION CARBIDE CORPORATION 


Abrasives, 99.98% pure alumina, 
simplify polishing of metals 


Once it was a complex art to put preci- 
sion finishes on metals. Polishing, sharp- 
ening, honing involved many abrasives 
and techniques. Now, with LINDE alu- 
mina abrasives, metallographic polish- 
ing is routine. 


Magnified 1500 X—a sample of tungsten car- 
bide with 6% cobalt binder polished by modi- 
fied procedure for hard materials. (Murakami’s 
etch). 

In three grades LINDE 0.3 A (alpha 
alumina), LINDE 0.05 B (gamma alu- 
mina), and LINDE 1.0 C (alpha alumina) 
—these low-cost, fast-cutting white pow- 
ders can be used with many materials. 
LINDE 1.0 C removes material rapidly; 
LINDE 0.3 A cuts quickly, yet leaves a 
clear, unsmeared finish; LINDE 0.05 B 
cuts slower but produces a finer finish. 
Uniformity of the particle size elimi- 
nates levigation in finishing. 

Powders can be used dry, or mixed 
with water or other vehicles to make a 
thin slurry or heavy paste, or com- 
pounded with waxes in convenient stick 
form. Both are highly resistant to com- 
mon acids. Check, send the coupon. 


Now —high workability for 
tungsten in crystal form 


Ingots of LINDE crys- 

tal tungsten can be 

worked into intricate 

shapes for electronic, 

other applications. It 

can be done at room 

temperature, using 

standard machine 

tools. Metal has no 

porosity, relatively 

low impurity, is less 

brittle than PM tung- 

sten. Crystal tungsten also has unusual 
ductility, has been drawn into wire as 
fine as 1 mil for greater yield of finished 
product from starting ingot. Check, 
send the coupon for details. 


High-grade wear from lower-grade metals 
—with tungsten carbide coatings 


Bearings on the torque meter shaft of a 
turbo-prop aircraft engine gave only 50 
hours operating life, even though the 
bearings were heat-treated. The short 
life was caused by severe fretting corro- 
sion. Then the bearing surfaces were 
given a tungsten carbide coating with 
LINDE’s Flame-Plating process. Service 
life is now greater than 1500 hours. 

A critical tolerance had to be main- 
tained between a ball piston and the 
piston wall in a hydraulic pump. Car- 
bide inserts mating with steel balls 
proved unsatisfactory due to differential 
expansion at operating temperature. 
Carbide balls added considerable weight. 
The problem was solved with Flame- 
Plated steel bushings which had the 
correct expansion rate and a wear re- 
sistance equal to solid carbide—at con- 
siderably less weight. 


Aluminum toughened 


In another situation, aluminum rocker 
arms were being used in an aircraft 
heater mechanism to keep weight under 


overall requirements. But, because of 
severe sliding abrasion, the relatively 
soft metal lasted only about 100 hours. 
When the wearing surface was given a 
precision coating of tungsten carbide, 
service life jumped to more than 1000 
hours. And the desirable light weight 
of aluminum was not lost. 

These are typical examples of how 
LINDE’s custom-coating service can be 
used to upgrade many ordinary metal 
parts by coating their wearing surfaces 
with tungsten carbide, aluminum oxide, 
tungsten, molybdenum, other oxides 
and materials. The thin coatings multi- 
ply wear performance many times over 
—but at the lower costs and with the 
retention of the other desirable proper- 
ties associated with the base metals. 

If you need technical information on 
particular problems with wear caused 
by abrasion, corrosion, erosion —even 
under conditions of severely high tem- 
perature, high load, or absence of lu- 
bricant or cooling—LINDE can help you. 
Check and send the coupon below. 


PHYSICAL DATA—FLAME-PLATED COATINGS 


COATING 
DESIGNATION LW-IN 


LC-1A LA-2 


Tungsten 
Carbide + 6% 
to 8% Co 


Approx. 


Tungsten Carbide 
by weig' 139 


3% to 16% Co 


85% Cr, Co + 
15% Ni-Cr 


99% +Al,0, 
(gamma) 


25% we ? 7% 
Ni + mixed W-Cr 
Carbides 


Hardness Vicker's 1200 to 1450 =: 1050 to 1150 VPN 
(VPN 50) R 


70 to 71 


1000 to 1200 VPN 850 VPN 1000 to 1200 VPN 


Maximum temp. in 1000°F 


oxidizing atmosphere 


1200°F. to 
1800°F 


1400°F 1800°F. 


40x 10 °/°F. 
Avg. 70 to 
1000°F 


Coefficient of thermal 
expansion 


3.9 x 10 6/°F. 
Avg. 70 to 
1832°F 


4610 °/°F. 6.4 10 °/°F, 
Avg. 70 to Avg. 70 to 
1 F 1800°F. 


80,000 to 
106,000 psi 


Modulus of Rupture 67,000 psi 


40,000 psi 75,000 psi 22,000 psi 


Modulus of Elasticity 44x 10° psi 42 to 40 x 10° psi 


17 x 10° psi 22 x 10° psi 16 x 10° psi 


Porosity 05% 0.5 to 1.0% 


05% 0.5% 1.0% 


Specific Gravity 14.2 13.2 


10.1 6.54 3.45 


Specific Heat 0.048 0.056 


0.070 0.127 0.196 


Thermal Conductivity 5.3 at 5OO°F 5.3 at 500°F 


3.8 at 500°F 4.3 at 500°F 0.86 at 500°F 


Main features Extreme wear Excellent wear 
resistance resistance + 
increased resist. 
to mechanical 
and thermal shock. 


Excellent wear Good wear resist. Excellent resist 
resist. to higher at high temp. or to wear, chem 
temps. Improved in corrosive media. attack and high 
corrosion resist Resists flame temperature 
impingement deterioration. 


Linde Company, Dept. MP-08 
270 Park Avenue 
New York 17, N.Y. 


Please send details on the items checked: 
LINDE Flame-Plated Coatings 

(J LINDE Alumina Abrasives 

(J LINDE Arc Crystal Tungsten 


CHECK—CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD 


LINDE 
COMPANY 


“Linde” and ‘‘Union Carbide” are registered 
trademarks of Union Carbide Corporation 


UNION 
CARBIDE 
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New 
Allegheny Stainless 

Bar Program 
Means... 


FAST DELIVERY 


TOP QUALITY 
PROCESSING 
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FAST DELIVERY — 
5 000,000 Ibs. of finished bars 


8,000,000 Ibs. of semi-finished stocks 


to back-up distributor inventory 


Allegheny Ludlum now stocks at the mill 
depots, Rounds, Hexagons, Squares, Flats 
and Forging Billets in the ten most popular 
grades that account for over 85 percent of 
all stainless bars made. This huge stock of 
over 2,500 tons backs up the large inven- 


tories carried by the authorized Allegheny 
Ludlum Distributors. ae 


In addition to the finished stock, over 
4,000 tons of quality checked rerolling bil- 
lets and ingots in 30 grades are in inventory 
to cut delivery time and to insure predict- 


ability. 

Each month, A-L publishes a Bar, Wire, 
and Forging Billet Stock List which lists 
the grades, sizes, and actual pounds of each 
in stock at the first of that month. It’s avail- 
able to you through the Steel Service Cen- 
ters authorized to sell A-L Stainless Bars. 
For the names of the distributors in your 
area, just call the A-L District Office. 


| 
is’ 
zi hag 


BETTER MACHINABILITY — 


Research, Constant Testing 
and Controlled Processing 
Result in Greatly Improved 
Machinability and Uniformity 


... from Lot to Lot 


Several years ago, A-L took a hard look at 
its own stainless steel bars. While quality 
was good, it could be made better and more 
uniform, particularly in the area of machin- 
ability. 

One of the finest metalcutting laborato- 
ries in the country was retained to make in- 
dependent, exhaustive comparative tests on 
A-L stainless bars and competitive bars. 
Ratings were based on tool life, determined 
by turning and drilling tests. A-L’s Re- 
search Center, probably the largest in the 
stainless business, correlated these results 
with metallurgical factors such as compo- 
sition, microstructural aechanical 
properties. 

From Research to the melt shops went 
instructions to revise and narrow the limits 
of composition. This, combined with proc- 
essing changes, yields general purpose 
(stocked) grades with predictable, better 
machinability. 

RESULT: Testing general purpose ma- 
chining grades as made three years ago with 
the same grades made today shows better 
than a 50 percent increase. 


AIS| RANGE 
= 


OLD A-L RANGE 


ANALYSIS LIMITS 


Allegheny Stainless composition limits, already much 
tighter than AIS! Specifications, have been narrowed 
even further to improve the composition-sensitive ma- 
chining properties of all A-L Stainless Grades. 


MACHINING TESTS 


Exhaustive turning and drilling tests on stainless 
bars of all types pin-pointed the composition and 
processing variables that most affected machining 
properties, and made possible the adjustment of 
these variables for improved machinability and 
predictability of response from heat to heat. A 
continuing program of these machining trials 
serves as an additional safeguard to the quality and 
unmatched dependability of an A-L Stainless Bar. 
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TOP QUALITY PROCESSING — 


Special Care and Special Equipment 
Mean Better Bars at Your Machines 


What’s been your big trouble with cold finished 
stainless steel bars . . . nicks and gouges, off-size, 
burred ends, grinding marks, damaged shipments? 
Glance over the panels at the right, and see how 
these common faults are eliminated from Alle- 
gheny Ludlum cold finished stainless bars. 

These are precautions that make a difference be- 
tween an A-L quality bar and all the others .. . 
quality you can see, and feel, and measure. Quality 
that shows up in bar automatics, in all your fabri- 
cating. 

And this quality is no accident. A few years ago, 
Allegheny Ludlum investigated stainless bars from 
the customer’s viewpoint. A-L teams held field 
interviews, toured customer’s plants, watched 
stainless bars undergoing every conceivable fabri- 
cating operation. A good part of the trouble was in 
mill finishing. And A-L revamped their entire fin- 
ishing operation to suit. 

Special equipment is installed, and every opera- 
tion becomes a matter of painstaking care. Rubber 
padding covers every work table and inspection 
table, lines every transfer buggy ... chain and cable 
slings are eliminated, and soft rope substituted . . . 
cardboard collars are fitted to bars in process, to 
prevent rubbing and scratching. 

Quality Audit Teams continually audit and 
maintain quality control standards by making pin- 
point quality checks through every phase of pro- 
duction . . . right onto the shipping dock. 

Many of these practices have been widely imi- 
tated in the industry. Some are still A-L exclusives. 
But, this is how quality is made . . . stainless steel 
bar quality ... by the world’s leading stainless steel 
producer. 


HEAT NUMBERS ON EVERY BAR 


_Heot numbers stamped permanently on one — 
of the bor won't wear off, can’t get sepa- 
rated, Squore, clean-cut and deburrec ends 
make use in bar automatics easier and moke 
chucking simpler. 
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CONSISTENT SIZE AND NICK-FREE, SCRATCH-FREE BARS 
STRAIGHTNESS TOLERANCES Nothing harder than cardboard, ropes or rub- 


A-L’s famous quality control and inspection ber ever touches finished A-L bors. Cardboard 
procedures mean greater uniformity .. . mini- collars eliminate sliding, metal-to-metal con- 
mizes special handling in your plant. tact... chain or cable are never used. 


FINISH AVAILABLE 


Consistent metal quality and careful finishing 
result in @ surface vastly superior to the 
industry-accepted average standard, 


Ba 


FINISHING PAYOFF 
Multiple posses through centerless grinde 
result in smooth finish—no spiral grind marks. and then the bundle is completely wrapped — 
no chatter marks. with triple-thickness waterproof paper to pro- 
tect the superior finish during shipment, Re- 
duces damage in transit. 
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And if You Want Something Special 
A-L is a Complete Bar Source 


HIGH TEMPERATURE STEELS & ALLOYS 


A-L stocks certain finished bars in the most commonly 
used high temperature steels and alloys plus a large stock 
of approved billets in these same grades. Needs for bars 
of A-286, 19-9DL, AM-355, Waspaloy, AL 901, R 41, 
S-816, M-252, etc., are usually quickly satisfied from this 
finished and semi-finished stock of Allegheny Ludlum. 


FORGING BARS & BILLETS 


Also in stock is a full range of forging-quality bars and 
forging billets from 4 to 30 inches Round Cornered 
Squares in a wide range of grades, all meeting appropriate 
specifications. 


SPECIAL ANALYSIS AND PROCESSING 


For special requirements, A-L is able to tailor-make prop- 
erties to fit the end use. From knowledge gained in the 
machining research program, chemistry and processing 
can be varied to increase a specific property for a particu- 
lar application. Improvements in such things as hot work- 
ability, cold workability, hardenability, finish after ma- 
chining, improved machinability in non-free machining 
steels, mechanical properties, corrosion resistance, are 
examples. 

It’s something you should discuss with your A-L sales 
representative. 


MACHINING AND HEAT TREATMENT DATA 


A-L mill and research specialists are available, through 
the A-L sales representatives, for help and counsel on 
problems involving Allegheny Stainless Bars. Qualified 
machining engineers are at your service. These men de- 
vote their full time to provide the best service and assist- 
ance available anywhere. 


NEW BAR BOOKLET 


On the printing press now is A-L’s new booklet, jam- 
packed with helpful information on using, heat treating 
and machining Stainless Bars. For a copy of this tech- 
nical, data-filled booklet, check the A-L authorized dis- 
tributor in your area, or the A-L Sales Office nearest you, 

or write: Allegheny Ludlum Steel Corporation, De- 
partment QIP 3, Oliver Building, Pittsburgh 22, Pa. 


ALLEGHENY LUDLUM a 


® EVERY FORM OF STAINLESS EVERY HELP IN USING IT 
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furnace atmosphere 


M-S-A® LIRA® Infrared Analyzer Model 300. 10%” wide. 8” high. 20” long. 


new from MSA: simplified, low-cost 
infrared analysis of furnace atmospheres 


Here at last is a new, low-cost infrared analyzer that greatly 
simplifies measurement of CO, COc, methane and dew point. 

The new M-S-A® LIRA® Model 300 is not complex. Fact 
is, it’s a very easy instrument to live with. As an effective 
check against quality control problems in furnace atmos- 
pheres, this unit is invaluable. It really helps reduce rejects. 


For Total 

Combustibles: For Hydrogen: 
M-S-A® Combustible M-S-A® Gas 
Gas Analyzer Thermatron 


The LIRA 300 is compact and lightweight. Entire 
assembly is mounted on a single roll-out tray. And if port- 
ability is desired, a handle can be added. 

More information? Please state your particular problems 
of atmospheric analysis and control when you write for 
our informative new bulletin. 


INSTRUMENT 
DIVISION 
M-S-A® Onygen Mine Safety Appliances Company 
Analyzer Pittsburgh 8, Pennsylvania } 
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PLAN NOW TO ATTEND 
THIS GREAT SHOW! 


ORGANIZE A COMPANY GROUP 
FOR TRAVEL AND 
ACCOMMODATION ECONOMY! 


USE THIS CONVENIENT ADVANCE 
SHOW REGISTRATION FORM! You 
will receive your ASM INFORMA- 
Badge, your credit card guest permit 
to the show. 


39-A 


headed for the 1961 DETROIT METAL 


THE WORLD'S MOST COMPREHENSIVE METALS AND PROCESSING EVENT 
OCTOBER 23RD THROUGH 27TH - COBO HALL 


Ideas ... Ideas .. . Ideas . . . stimulating, thought-provoking ideas. How to improve 
production . . . how to cut costs . . . how to stay ahead of competition. SEE — hun- 
dreds of educational exhibits. HEAR — presentation of over 200 technical papers. 
EXAMINE — processing, inspection and control equipment. VISIT — the spectacular 
Materials Comparison Center. Yes, everyone . . . especially the IDEA man for his 
company .. . is headed for the 1961 Detroit Metal Show. He wants to KNOW 
more... DO YOU? 


Advance Registration Manager, ASM Headquarters, Metals Park, Ohio 

Gentlemen: Please register myself (and the names of my associates listed below) for the forthcoming 

METAL SHOW at Cobo Hall in Detroit. Registration Fee for ASM 
ssions ani 

Name Exposition: $2.00. 

(Except as noted below) 


Indicate 
Affiliated 
Organization* 


Title 


(Enclose check or money order) TOTAL 


Company 
Address 


City Zone State 
ASM Members: NO REGISTRATION FEE for ASM Sessions and Exposition. 
AIME Members: $5.00 Registration fee includes AIME sessions, ASM sessions and Exposition; 
(J non-members: $10.00 AIME sessions, ASM sessions and Exposition. 
(J SNT Members: $5.00 Registration fee includes SNT sessions, ASM sessions and Exposition; 
(J non-members $7.00 SNT sessions, ASM sessions and Exposition. 
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EVE RYO N E 
(Well, almost everyone)... 
SHOW 


KNOW YOUR ALLOY STEELS... 
This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time. 


for Strength 


Economy 


. Versatility 


The process known as flame-harden- 
ing involves the direct application 
of flame to the surface of steel, 
heating it above the transformation 
range, then hardening it by quench- 
ing. The primary purpose of this 
process is to achieve surface-hard- 
ness without affecting core proper- 
ties. Jets of flame are played directly 
on the steel, and hardness penetra- 
tion can be made to vary consider- 
ably. In alloy steels this depth will 
range usually from 0.03 to 0.12 in., 
the actual figure depending upon 
the method of heating and quench- 
ing used. 

Unlike carburizing, flame-hard- 
ening does not involve the absorp- 
tion of extraneous elements by the 
steel. There is no alteration of the 
chemical composition. To put it 
simply, the steel must have its 
own self-hardening characteristics; 
it cannot be dependent upon car- 
bonaceous salt baths, gases, and 
other media. 

Flame-hardening is not a sub- 
stitute for the conventional fur- 
nace method. Each has its uses. 
The particular virtue of flame- 
hardening is that the flames can be 
directed to localized areas. The fur- 
nace, on the other hand, is gener- 
ally more economical and feasible 
when parts produced in large quan- 
tities must be hardened all over. 

Any type of hardenable steel, 
alloy or carbon, can be flame-hard- 


ened, and there will usually be no 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


scale or pitting. The alloy content 
is the governing factor when deter- 
mining the quench. In some cases 
a rapid quench is required; in 
others, it can be as slow as air-cool- 
ing. Tempering presents no prob- 
lems, for flame-hardened steel can 
be tempered as if hardened to the 
same degree by other methods. 

A list of typical flame-hardened 
parts includes such familiar items as 
gear and sprocket teeth, and certain 
types of cams and rollers, and shoe 
treads. A complete list would in- 
clude many other parts that often 
require a localized hardening treat- 
ment, especially for wear-resistance. 

When you need information about 
flame-hardening methods, please 
feel free to consult with our techni- 
cal staff. Bethlehem metallurgists 
will work with you, at no obligation, 
and you can depend on their sugges- 
tions. You can rely on Bethlehem, 
too, as a source of alloy steels .. . 
for Bethlehem makes the complete 
range of AISI standard grades, as 
well as special-analysis steels, and 
all carbon grades. 


This series of alloy steel advertise- 
ments is now available as a compact 
booklet, “Quick Facts about Alloy 
Steels.’’ If you would like a free copy, 
| please address your request to Publi- 
| cations Department, Bethlehem Steel 
| Company, Bethlehem, Pa. 


Export Sales: Bethlehem Steel Export Corporation 


gETHUEHEM 
STEEL 


BETHLEHEM STEEL 
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Work Handling Devices e Natural Gas Boosting Equipment ¢ Electronic Temperature Controls 
Flamatic Heating Units e Flame Heads e Conveyor or Basket Type Quench Tanks 


A typical Flamatic flame 
heating application using an 
automatic heating cycle for 
automotive stator hubs. 


CINCINNATI Advanced Heat Engineering 
Cuts Flame Heating Costs 


Flamatic® building block design lets you purchase standard 
units that can be assembled into a flame heating machine 
custom tailored to your operation. You buy only the com- 
ponents necessary to do the job—nothing more—and ma- 
terially reduce your initial investment costs. 


When requirements change, a variety of pre-engineered 

flame heating units, flame heads, work handling fixtures, 

and quench tanks are available to convert the Flamatic to 
' meet new job specifications at the lowest possible cost. 


For detailed information about the advantages of new a 4 


Cincinnati Flamatic building block design, write us, or call 
a Meta-Dynamics application engineer. 
Circle 829 on Page 48-B 
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561. Strip Mill Products 

80-p. reference book spells out the 
basic information needed to intelligently 
understand and order strip steel, spring 
steel, shim steel, shestvo-auleveniend strip 
steel and flat wire products. Mill Strip 
Products Co. 


562. Steel Tubing 

Order the exact tube O.D.’s you need 
from 2.25 to 50 in., with wall thicknesses 
from ¥% to 8 in. Details on “Ceram-Spun” 
process available from Acipco Steel Prod- 
ucts Div. 


563. PH Stainless Steels 

These steels offer adequate strength and 
better corrosion resistance than the hard- 
enable grades of chromium stainless. De- 
tails from Republic Steel Corp. 


564. PH Stainless 

Armco Steel Corp. will send data on 
17-4 PH stainless steel. Strongr than Type 
416; as corrosion resistant as 18-8 stainless. 


565. Alloy Steel Booklet 

“Quick Facts About Alloy Steels” pub- 
lished by Bethlehem Steel Co. Elemen- 
tary information on steel heat treatment, 
properties, and microstructures. 


566. Property Charts 

Wallace Barnes Steel Div. has published 
“Physical Property Charts” on properties 
and formability of tempered steel. 


567. Cryogenic Service 

27-p. booklet “Steels for the Contain- 
ment of Liquefied Gas” has been issued 
by International Nickel Co. 


Nonferrous 


569. Sintered Titanium 

4-p. Bulletin No. 100 “Designing With 
Sintered Titanium” cost-saving 
potentials of sintered titanium in modern 
design. Clevite Corp. 


570. Literature Surveys 

The Cobalt Information Center has lit- 
erature surveys cn cobalt-nickel coatings 
and cobalt-nickel alloy properties. 
571. Selection Chart 

Seymour Manufacturing Co. is offering 
an “Alloy Selection Chart” for nickel sil- 
ver, phosphor bronze, brass, copper, and 
stainless steel. 
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572 Ti-8Al-1Mo-1V Alloy 

_ 12-p. data memorandum outlines forg- 
ing and heat treat procedures for the 
alloy and includes discussion of creep 
stability and ees properties. Titanium 
Metals Corp. of America. 


573. Impact Extrusions 

Alcoa has published a no me brochure 
on impact extrusions entit “Metal in 
Motion” which details applications and 
savings possible. 


560. Steel Design and 
Engineering 

Four papers which discuss 
advances in strength levels and 
product forms, as well as design 
applications of constructional 


steels, have been published in 


a 59-p. brochure, “New Con- 
cepts in Steel Design and Engi- 
neering”. Descriptions of actual 
designs show how the modern 
“family” of constructional steels 
are employed in structures and 
equipment to achieve higher 
strength, lighter weight and 
lower costs. U.S. Steel Corp. 
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X-RAY DIFFRACTION AND SPECTROSCOPY 


VERSATILITY! 


2. 3.) 


| 


1. Counter Tube Diffractometry. 2. Spectroscopy. 3. Single Crystal Studies. 


4. Spectroscopy of Small Areas. 5. Vacuum Spectroscopy of Light and 
Heavy Elements. 6. Studies of Orientation. 


RCA’s horizontal goniometer performs 6 functions 


Unusual versatility is an important distinguishing 
characteristic of RCA’s X-Ray Diffraction and Spec- 
troscopy Equipment. This versatility is graphically 
demonstrated by the horizontal goniometer which 
can perform six different functions merely by adding 
accessories, as illustrated above. 


RCA X-Ray Diffraction and Spectroscopy Equip- 
ment offers many other outstanding features which 
make it one of today’s most specified lines. For 
example, the DC regulated and filtered power sup- 
ply; the option of mounting two tube stands on the 
Crystalloflex IV; a kit which permits conversion 
from diffraction to spectroscopy in minutes; and the 
new vacuum spectrometer for analysis of light and 
heavy elements. For those engaged in film studies of 
all kinds, the RCA Table Model Crystalloflex IT can 


be bought, complete with cameras, for as little 
as $4000. 

A NEW LEASING PLAN now makes it possible to 
obtain all RCA scientific instruments, including the 
Electron Microscope, with no down payment, low 
monthly terms, and a favorable option to buy. 


For complete information write to RCA, 
Dept. Y-72, Bldg. 15-1, Camden, N.J. 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 
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Crystalloflex IV and Electronic Circuit Panel with Diffrac- 
tometer and Guinier Camera mounted on the generator. 
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574. Stock Catalog 

290 pages of stock information on non- 
ferrous and stainless steel mill products. 
Latest government and society specifica- 
tions included. Data from Meier Brass & 
Aluminum Co. 


575. Rare-Earth Metals 

The Lunex Co. will send pamphlet de- 
scribing the properties of high-purity 
rare-earth metals including lanthanum, 
yttrium and gadolinium. 


576. Conductivity Rating 

8-p. bulletin provides a rapid check list 
for electrical conductivity ratings of 56 
copper alloys. Bridgeport Brass Co. 


577. Gadolinium Metal 

Data sheet from Nuclear Corp. of Amer- 
ica presents physical, electrical, magnetic 
and mechanical property information on 
gadolinium. 


578. Copper-Lithium Alloys 

Articles on the copper-lithium system 
are described in annotated bibliography. 
Abstracts cover all published literature 
and are arranged in chronological order. 
Foote Mineral Co. 


579. Ultra-Pure Metals 

Union Carbide Metals Co. will send 
pamphlet discussing columbium, tantalum 
and vanadium ingots made by a new 
vacuum process — electron beam melting. 


580. Beryllium Copper 

Leaflet issued by Brush Beryllium Co. 
covers “Brush 190”, a mill heat treated 
Be-Cu strip with tensile stren of 
190,000 psi and improved formability. 


581. Light-Metal Products 

Brooks & Perkins, Inc. has released a 
pamphlet relating their experience in the 
design and production of lightweight as- 
semblies in magnesium, aluminum, ti- 
tanium, zirconium and beryllium. 


582. Molybdenum Dies 

Molybdenum is now available for forg- 
ing into extrusion dies for steel, titanium 
and other metals. De- 
tails from Sylvania Electric Products Inc. 


583. Copper Alloy Forging 

Titan Metal Mfg. Co., has prepared a 
32-p. handbook which contains complete 
information on copper alloy forgings. 


584. Rare Earths 
8-p. pamphlet outlines the facts on 
thorium, yttrium chemicals, and other 
metals and alloys of the rare-earth group. 
Vitro Chemical Co. 


Materials 


586. High-Temperature Coatings 

Insulative coatings for the protection of 
missile and rocket equipment are dis- 
cussed in Brochure No. 500-61 from Swed- 
low Inc. 


587. Alumina Ceramics 

Diamonite Products Mfg. Co. has pub- 
lished “Standards of the Alumina Ceramic 
Manufacturers Association” which con- 
tains data on production, design, purchas- 
ing, and use of alumina ceramic materials. 


588. For 2300° F. Service 
Electro-Alloys Div. will send pamphlet 

on “Supertherm”, as 26% Cr, 35% Ni alloy 

stabilized with cobalt and tungsten. 


589. Advanced Materials 
Carborundum’s 8-p. pamphlet “Materi- 
als For Advanced Technology” is a data- 
packed roundup of 12 new products for 
applications involving resistance to abra- 


sion, chemicals, corrosion, nuclear radia- 
tion or high temperatures. 


590. Superalloy Forgings 

Brochure on_ superalloy forgings — 
Waspaloy, René 41, Astroloy, Udimet 500, 
and M-252. Wyman-Gordon Co. 


591. Refractory Grains 

Catalog from Norton Co. describes a 
wide range of refractory materials. Physi- 
cal, chemical, and electrical properties of 
ALO,, MgO, boron carbide, fused zirconia. 


592. “Powder Metallurgy” 

Quarterly publication of the Metal 
Powder Industries Federation (spring- 
summer 1960) features case histories of 
electrical applications for powder metal- 
lurgy parts. 


593. Alloy Castings 

For heat and corrosion-resisting appli- 
cations get the better high-alloy casting at 
the better price. Details from The Fahr- 
alloy Co. 


594. Rene 41 

René 41 is the most dependable alloy 
in use today in the 1200 to 1800° F. range. 
Bulletin No. 86 from Cannon-Muskegon. 


595. Pyrolytic Graphite 

General Electric will send details on 
pyrolytic graphite which exhibits ») 
strength at temperatures up to 5000° F. 
and excellent thermal and electrical con- 
ductivity. 


596. Refractories 

Norton Co. has published information 
on refractories, including magnesium 
oxide, zirconia, silicon carbide, titanium 
diboride, as well as other carbides, ni- 
trides and borides. 


597. Refractory Materials 

Brochure describes boron nitride for 
applications such as chemical equipment 
parts, crucibles, brazing fixtures, gaskets, 
seals, and other high-temperature appli- 
cations. Carborundum Co. 


Nuclear 


599. Nuclear Fuels 

8-p. brochure, GEA-6762B, entitled 
“General Electric Nuclear Fuel” reviews 
design experience and quality control 
techniques in fabricating rod-type nuclear 
fuel elements. General Electric Co. 


600. Isotope Chambers 

6-p. folder provides engineering data 
on 19 isotope chambers for gamma radiog- 
raphy; available from Philips Electronic 
Instruments. 


J] Tooting 


602. Cutting Lubricant 

Literature available from Baker/Gub- 
bins Co. tells about a_sulfurized-base 
cutting lubricant blend, “No. 245”, which 
offers high film strength and lubricity. 


603. Tool Steel Heat Treatment 

Bethlehem Steel Co. has complete de- 
tails on short cycle hardening and ni- 
triding of high-carbon, high chromium 
tool steels. 


604. Tool Steel Guide 

A “Steelector” booklet from Allegheny 
Ludlum gives complete data on line of 
tool steels . . . mechanical property and 
heat treating information included. 


605. Abrasive Wheels 
Leaflets describing depressed - center 
abrasive, wheels and “green” silicon car- 


bide wheels have been 
issued by Simonds Abrasive Co. 


606. Tool Catalog 

480-p. Tool Catalog No. 27 presents a 
complete display of the Starrett Co. line 
of more than 3500 items. 


607. Mold Coatings 

Bulletin No. 425 discusses the consistent 
uniformity, quality performance and ver- 
satility of mold coatings made by Acheson 
Colloids Co. 


608. Automatic Forging 

Pamphlet No. 110-L-1 entitled “Ceco- 
matic Process for the Jobbing-Type Pro- 
duction of Drop Forgings” will be sent to 
you by Chambersburg Engineering Co. 


609. Iron Powders 


Alan Wood Steel Co. has a brochure 
on iron powders with purity and uni- 
formity that offers new design flexibility. 


610. Finishing Hard-surfaced 
Deposits 
Technical Data Sheet No. T-2 recom- 
mends correct grinding wheels for finish- 
ing various hard-alloy deposits. Wall 
Colmonoy Corp. 


612. Thermal Fatigue 
Electro-Alloys Div. has published “The 
eens of Thermal Fatigue”, by H. S. 
very. 


613. Fluidized Bed Heat Treating 
4-p. Bulletin GED-4306 describes flu- 
idized bed heat treating equipment for 
annealing, normalizing, solutioning, aging, 
hardening, quenching and _ isothermal 
transforming. Up to 85% reduction in 
heating time. General Electric Co. 


614. Indicator-Controllers 

Thermo Electric Co. has released 4-p. 
Bulletin No. 67 on compact self-balancing 
indicators and indicator-controllers. 


615. MgO Thermocouple Assemblies 

Availability of Catalog 2400, covering 
a line of standard MgO thermocouple as- 
semblies, was announced by Conax Corp. 


616. High-Frequency Heating 

Series of bulletins (No. 1515-1520) de- 
scribe line of radio-frequency heating 
units which convert powerline energy to 
high-frequency electrical energy suitable 
for induction heating of metals and alloys. 
Lindberg Engineering Co. 


617. Enameling Ovens 


4-p. Bulletin GED-4329 describes con- 
trolled convection ovens for high-quality 
magnet wire enameling at twice the sp 
previously obtained. General Electric Co. 


618. Draw Furnace 

Pamphlet No. 14 from Sunbeam Equip- 
ment Corp. describes advantages and 
features of a gas-fired or electric furnace 
for continuous drawing of ferrous and 
nonferrous metals. 


619. “Heat Treat Review” 

Vol. 12, No. 2 contains an article describ- 
ing the installation of a car-bottom heat 
treating furnace. Surface Combustion Div. 


620. Semiconductor Production 

“The Way to Better Semiconductor 
Production”, a 20-p. booklet issued by 
Lindberg Engineering Co., illustrates 
equipment for the precise control of semi- 
conductor production. 


621. Thermocouple Materials 

10-p. catalog details the processes used 
to produce “Tempak” thermocouple ma- 
terials and presents specifications on 
metal-sheathed, ceramic-insulated wire. 
Temptron, Inc. 


To request any item listed circle appropriate number on Reply Card, p. 48-B 
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EXTRA COST 


Nothing equals it in cold finished stee/ bars 


The finish is brighter, cleaner. There are no processing 
contaminants to jam collet mechanisms and slow pro- 
duction. The superior Lusterized Finish, possible only 
because of Bliss & Laughlin’s patented process, can 
often be used for finished components without machin- 
ing. Only minimum preparation is required for plating. 

The Lusterized Finish is standard on all Bliss & 
Laughlin cold drawn carbon and alloy bars. It is pro- 
tected all the way to your production points by an 
exclusive, colorless coating that seals out abrasive dirt, 
protects against rust, and neutralizes the acidity from 
the atmosphere. 

The close tolerances, which Bliss & Laughlin pio- 
neered, careful attention to straightness, plus the 


Available at Steel Service Centers everywhere 


GENERAL OFFICES: Harvey, Illinois 


superior Lusterized Finish, make Bliss & Laughlin cold 
finished steel bars the outstanding quality bar for your 
production. Try Lusterized bars and you’ll prove it! 


Leading 

Independent Producer 
of Cold Finished 
Stee/ Bars 


BLISS 
LAUGHLIN 


Bar 


MILLS: Harvey, Detroit, Cleveland, Buffalo, Mansfield, Mass., Los Angeles, Seattle 
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622. Heat Treating Costs 

General Electric Co. will send you Bul- 
letin GER-1751 telling how to prepare 
an economic study of your heat process- 
ing operations. 


623. Ovens and Furnaces 

64-p. Catalog No. 600 from Blue M Elec- 
tric Co. covers line of electric ovens, 
furnaces, “Magni-Whirl” baths, environ- 
mental cabinets and related temperature- 
controlled equipment. 


624. Salt Baths 

Brochure No. 200 covers a wide range of 
salt bath applications, including neutral 
hardening, tempering, austempering-mar- 
tempering, carburizing, annealing, high- 
s quenching and nitriding. A. F 
Holden Co. 


625. Diffusion Furnaces 

Lindberg Engineering Co. has issued 
4-p. pamphlet describing gaseous and 
solid-diffusion furnaces for basic, re- 
search, pilot-plant studies, and production 
of semiconductors. 


626. Thermocouple Assemblies 

Catalog G100-1 summarizes data on over 
100 complete thermocouple assemblies, 
available in a range wide enough to cover 
most applications in any industry. Min- 
neapolis-Honeywell. 


627. Quenching Hints 

E. F. Houghton & Co. will send booklet, 
“Houghton on Quenching’, which ana- 
lyzes quenching problems and recom- 
mends optimum quenches. 


628. Continuous Annealing 

Folder illustrates equipment for con- 
tinuous annealing or surface treatment 
lines for thin tinplate. Aetna-Standard. 


629. Heat Treating Salts 

Eliminate scaling and decarburization 
in heat treating without special atmos- 
pheres— through the use of “Aeroheat” 
salt baths. American Cyanamid Co. 


630. Temperature Crayons 

The Markal Co. will send pamphlet 
summarizing information on “Thermo- 
melt” ter — indicators; accurate to 
within +1%. 


631. Plugs and Jacks 

Specification Sheet FS 005-3 covers 
“Quik-Konnect” plug and jack assem- 
blies for fast, foolproof connection of 
thermocouples. Minneapolis-Honeywe' 


632. High-Temperature Furnace 
Brochure No. 5805 from C. I. Hayes, Inc. 
discusses furnace with maximum range 
of 3300° F. for sintering, ceramic metal- 
—p - silicon depositing and diffusing, 
and heat treating of exotic metals. 


633. Heat Processing Facilities 

Find out how extensive laboratory 
facilities (including a vertical bright an- 
nealing furnace) at The Electric Furnace 
Co. can help your metal-processing de- 
velopment and research plans. 


634, Atmosphere Furnaces 

Harrop Precision Furnace Co. will send 
full details on a line of “Kanthal-Super” 
atmosphere furnaces with temperatures 
up to 3000° F. 


635. Low-Temperature Treatments 

Harris Mfg. Co. has information on 
chilling cabinets for low-temperature 
processing of stainless steels. 


636. Disposable Thermocouples 

Pamphlet on “Jet-Temp” disposable 
thermocouple cartridges, which give fast 
and accurate readings. General Electric 
Co. 


637. Gantry Furnaces 


12-p. catalog discusses a complete line 
of furnaces — standard, modified, and 


AUGUST 1961 


special designs for your particular appli- 641. Oil-Quenching System 


cations. Pacific Scientific Co. _Combined catalog and simplified selec- 
638. Open-Coil Process tion manual discusses “ ” self-con- 
tained quench-oil coolers. Bell & Gossett. 


The uniformity of anneal possible with 
this process yields uniform hardness and 642. Continuous Furnaces 


drawing quality for coiled steel sheet. ~ . 

Lee Wilson Engineering Co. Information on continuous furnaces for 
carburizing, carbonitriding, skin recovery, 

639. Program Controller enneiting. and spheroidizing operations. 
Surface Combustion Div. 


will sen atalog F-10191 describing the . 

“Series 2000” cam-operated program con- 643. Radiant Tubes 

troller for the metal working, ceramic, The Pressed Steel Co. has issued a 


No matter what you heat treat, there 644, Bell Retort Furnaces 


is a “Sunbeam” furnace to do the job, 
more efficiently and at less cost. tails Catalog MP-607 recounts the advan- 


from Sunbeam Equipment Corp. tages of bell retort furnaces for bright 
Circle appropriate number on Reply Card, p. 48-B 


CHROMALLIZING 


This process of diffusing one or more elements into the surface of 
steels, superalloys, or refractory metals protects them from oxida- 
tion and thermal shock failures at high temperatures. The integral 
alloy case won't peel or flake off, and the diffusion alloy is easily 
formed on internal surfaces. 


Operating 

Base Metals Temperature Applications 

Steels 1500°F Heater casings, radiants, 
Soldering irons cores 

Stainless Steel 1800°F Jet engine control rods 
Jet Ine turbi 

Superalloys 2100°F 

hicl 


Thousands of CHROMALLIZED jet engine parts are now in use. 
After 1800 hours of service these parts are re-CHROMALLIZED for 
additional life when necessary. 


WRITE FOR ILLUSTRATED BULLETIN PC 


HROMALLOY CORPORATION 


West Nyack, N. Y.—Elmwood 8-5900 


CHROMIZING CORPORATION, HAWTHORNE, CALIFORNIA 

PROPELLEX CHEMICAL DIVISION, EDWARDSVILLE, {LLINOIS 

ELYRIA FOUNDRY DIVISION, ELYRIA, OHIO 

SINTERCAST DIVISION, WEST NYACK, N. Y. 

SHUNK MANUFACTURING CO. INC., BUCYRUS, OHIO 
Circle 832 on Page 48-B 
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BATTLESHIP GUN BARREL 
RE-ENLISTS AT GENERAL ELECTRIC 


Molybdenum Electrodes. This pair of 12” 
diameter electrodes—from the G-E gun barrel 
—will be used for consumable electrode vacuum 
arc melting. 


This 16’’ gun barrel, from the scrapped 
U.S.S. Colorado, has a Space-Age job— 
at General Electric in Cleveland. It’s 
now a hydrostatic pressure chamber, 
used to cold-form massive pieces from 
tungsten and molybdenum powder. 


PS (for pressed and sintered) Moly 
and PS Tungsten, and their alloys, are 
new G-E products, important in today’s 
defense effort and civilian markets. 


Here are three ways to use PS powder 
metallurgy billets, slabs, tubes or pre- 
forms made from these refractory metals: 


1. Forging and metalworking. Use 
PS Moly and PS Tungsten in billet and 
slab form for sheet rolling or forging. 
High densities: moly 95% minimum, 
tungsten 92% minimum. 


2. Consumable electrode vacuum arc 
melting. Use electrode bars of moly in 
diameters through 12’’. Tungsten 
and moly/tungsten alloys, 1’’- 97’. 
High density and high purity (99.9% 


Circle 833 on Page 48-B 


minimum metal content). Good straight- 
ness—no more than %6’’ camber on a 
30” electrode. With or without carbon 
additions. 


3. Direct machining. For example, 
crucibles, furnace boats and throat in- 
serts for missiles are machined from PS 
Tungsten preforms. Order the basic PS 
material for your own machining or, 
should you prefer, order the finished 
part ready to use. If you’re looking for 
controlled density in tungsten, General 
Electric can vary it between 65% and 
95%, plus or minus 3%. 


Put PS Moly and PS Tungsten, with 
their unique high temperature proper- 
ties, to work now. Call or write Lamp 
Metals & Components Dept. MP-81, 
21800 Tungsten Rd., Cleveland 17, Ohio. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 
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copper’ brazing, bright annealing of stain- 
less, or hydrogen cleaning of small, com- 
plex parts. American Gas Furnace Co. 


645. Heating Elements 

_ For precise, economical electric heating 
in brazing or heat treating 
investigate “Globar” silicon carbide heat- 
ing elements. Carborundum Co. 


646. Thermocouples 

48 pages of profitable information is 
contained in the “Ceramo” thermocouple 
Catalog No. TC-16. Thermo Electric Co. 


647. Heat Processing 

Bulletin 653A details the advantages of 
electric or fuel-fired heat treating fur- 
naces for a wide variety of applications. 
Hevi-Duty Electric Co. 


648. Potentiometers 

Minneapolis-Honeywell has released a 
pamphlet which tells about the “Elec- 
tronik 17”, a small-case potentiometer 
with modular design. 


Finishing 


650.. Wetting Agents 

A full line of wetting agents for diver- 
sified industrial uses, a metal 
processing, is described in booklet pub- 
lished by Nopco Chemical Co. 


651. Blast-Cleaning Machines 

28-p. catalog describes line of “Super 
Tumblast” batch-type airless abrasive 
blast cleaning machines. Wheelabrator. 


652. Surface Treatment 

A_ dry acid salt, “Metex M-662” de- 
oxidizes aluminum alloys for phosphating, 
anodizing, painting, plating and bright 
dipping. MacDermid Inc. 


653. Selective Plating 

8-p. brochure describes equipment, 
and plating jobs performed 
with the “Dalic” electroplating process. 
Sifco Metachemical, Inc. 


654. Titanium Anodes 
“Platinum-ized” titanium-mesh anodes 
give solid platinum anode efficiency and 
quality performance at one fifth the cost. 
Information from Sel-Rex Corp. 


655. Metal Finishing 

Turco Products, Inc. has released 12-p. 
metal finishing brochure which contains 
specific information on the use of each 
of its 43 cleaning and processing com- 
pounds. 


656. Spray Drying of Abrasives 
Reprint No. NC from Bowen Engineer- 

ing, discusses spray drying of abrasive 

(settling tank) fines at Norton Co. 


657. Gold Plating 

Bulletin 175BT discusses an extra-high 
purity gold electroplating process called 
“Temperex HD”, for electronic applica- 
tions. Sel-Rex Corp. 


658. Sulfuric Acid Pickling 

Brochure from Amchem Products, Inc. 
presents the details on “Rodine 23”, a 
formulation designed for faster pickling 
et low temperature. It exhibits high- 
foamin, free-rinsing characteristics even 
at high-iron concentrations. 


659. Abrasive Compounds 

Bulletin issued by Roto-Finish Co. dis- 
cusses problems in the selection of the 
right abrasive media and compound for 
use in vibratory and barrel finishing. 


660. Barrel Finishing 

96-p. booklet describes various barrel- 
finishing processes and equipment and 
presents case histories of actual applica- 
tions. Norton Co. 


661. Glass Shot 
Microbeads, Inc. will send brochure 
“The Story of Glass-shot’ which dis- 
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cusses microscopic glass beads for in- 
dustrial blast cleaning and reflective 
purposes. 
662. Aluminum Etch 

All “Oakite” alkaline compounds are 
controlled to provide an identical rate of 
etching, batch after batch. information 
from Oakite Products, Inc. 


663. Exhaust Fans 

Bulletin GP-100 contains details on a 
line of centrifugal fans for exhausting 
fumes from chemical laboratories, or han- 
dling light dust from polishing wheels 
and grinders. General Blower Co. 


Welding 


665. Silver Brazing 

Pamphlet No. 20 from Handy & Harman 
gives a good picture of silver brazing and 
its beneiits, and includes details on alloys, 
heating methods, joint design and pro- 
duction techniques. 


666. Welding Mild Steel 

<4 brochure tells how to weld mild 
and low-alloy steels and includes specifi- 
cations, operating characteristics, me- 
chanical properties and applications. The 
McKay Co. 


667. Metal Cladding 

Reprint entitled “New Techniques for 
mag With Gas-Shielded Process” by 
Ralph D. Engel. Air Reduction Sales Co. 


668. Micro-Wire Welding 

For more information on the micro- 
wire welding process, which welds 50% 
faster than ordinary methods, send for 
Catalog DM-159. Hobart Brothers Co. 


Circle appropriate number 


669. Stud Welding 

Flyer from Omark Industries, Inc. tells 
about stud-welding equipment for ferrous 
and nonferrous metals. Strong welds are 
produced without burn-through or dis- 
— of the work, even on very thin 
metal. 


670. Flame Plating 

Linde Co. will send details on tungsten 
carbide coating for improving wear and 
abrasion resistance of steel parts. 


671. Buttwelding of Pipe 


Ohio Crankshaft Co. has published re- 
. entitled “Buttwelder Leaves No 
sh”. 


672. Plasma Spraying 

Folder entitled “Plasma Bond Spraying 
Service” describes applications and fab- 
rication techniques for metallic-ceramic 
coatings. Thermal Dynamics Corp. 


673. Electron Beam Welding 

_ The NRC Equipment Corp. will send 
information on electron beam welding, to 
help solve your tough welding problems. 


674. Plasma Coating 

_ 12-p. booklet illustrates the plasma coat- 
ing process, and presents properties and 
uses of coatings. Plasmatech Div. 


675. Adhesive Specifications 

Minnesota Mining and Mfg. Co. has 
published 54-p. compilation listing U.S. 
Government specifications for adhesives, 
coatings and sealers. 


676. Welding Alloy Wall Chart 

Welding, brazing and soldering alloys 
and fluxes are rapidly selected according 
to the base metal to be joined. All-State 
Welding Alloys Co. 


on Reply Card, p. 48-B 


Illustrated: AGF AUTOMOTION 
Shaker Hearth, ‘‘In Line Quench”’, and 
Conveyorized Tempering Furnace. 


AuTomoTion best describes AGF’s unique automatic heat 
treating furnaces ... both Reciprocating Hearth and Rotary 
Retort . . . employing the ‘Work in Motion”’ principal that assures 
uniformity of case and hardening. 


AGF’s Autromotiom Furnaces operate wholly automatically 
and continuously, and are easily placed in any continuous or 


intermittent production line. 


Send for catalogs and details of models to meet your specific needs 


AMERICAN GAS FURNACE CO. 1 LAFAYETTE STREET, ELIZABETH, N. J 
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DREVER CONTINUOUS 
DESCALING SALT BATH 


Users of stainless strip are demanding high finishes that reduce their own produc- fe, 
tion problems. To achieve this standard of finish on the heavier gauges of series 

: 300 strip, a Drever Continuous Descaling Salt Bath provides high quality, fast P 

e descaling. The strip is immersed in a molten salt bath at controlled temperatures 

i up to 950°F, no atmosphere is required, and speeds up to 150 FPM are attained. 

Gauges from .018” to .095” in widths up to 52” are handled from coils weighing g 

as much as 10 tons. 


This Drever Continuous Descaling Salt Bath 
receives cold rolled strip at bath tempera- 
ture from the annealing furnace shown in 
the smaller picture. Descaling unit consists 
of salt bath, water quench, acid dip, high 
pressure water rinse tanks, dryer, recoiler. 


Drever designs and builds batch and continuous salt baths for stainless strip, 
plate, bar, wire or tubing. Or, complete lines providing for continuous annealing 
and descaling can be engineered to the producers requirements. 


DREVER ENGINEERING FOR YOU 


The Drever engineering staff is well experienced in achieving maximum effective- 
ness in all forms of industrial heat treating equipment, combining high product 
quality and high production with economy of operation and maintenance. Consult 
with them about your heat treating requirements. Drever Company, Bethayres, Pa. 
Phone: Wilson 7-3400. 


INDUSTRIAL FURNACES 


El a ENGINEERED TO YOUR PARTICULAR REQUIREMENTS 
ENGINEERING AND MANUFACTURING FACILITIES AROUND THE WORLD THROUGH ASSOCIATES 
IN FRANCE, GREAT BRITAIN, GERMANY, ITALY, JAPAN AND INDIA 
44 Circle 835 on Page 48-B METAL PROGRESS 
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677. Electron Beam Welding 

To learn more about electron beam 
welding, send for pamphlet issued by 
Sciaky Bros., Inc. Low voltage and rede- 
signed chamber eliminates x-ray hazards, 


678. Welding Electrodes 

8-p. Folder A-4 presents case history 
reports on how three companies benefited 
through the use of McKay Co. electrodes 
and wires. 


679. “Arc Welding News” 

24-p. Booklet No. 166 contains interest- 
ing articles and application photographs 
on manual and automatic arc-welding 
processes. Hobart Brothers Co. 


Testing 


680. Metallographic Equipment 

William J. Hacker & Co. has released 
a pamphlet on “Reichert” metallographs 
which include the following special fea- 
tures: Microhardness testing, high-tem- 
perature microscopy and phase contrast 
metallography. 


681. Spectographs 

Leaflet from Jarrell-Ash Co. discusses a 
convertible “Ebert” spectograph which 
can do both routine analyses and the 
“odd sample”. 


682. Metallurgical Microscopes 

Catalog 2-Q from Unitron Instrument 
Co. describes metallographs and universal 
camera microscopes. 


683. Electrolytic Polisher 

Ercona Corp. has released literature 
illustrating electrolytic polisher which 
permits constant observation of the etch- 
ing process. 


684. Wiring Terminals 

4-p. folder includes photographs and 
drawings of strain gage wiring terminals, 
characteristics and specifications as well 
as features, types and dimensions, Bald- 
win-Lima-Hamilton Corp. 


685. Strain Gage 

Leaflet from Metrix, Inc. covers “Type 
P-8” a flat-grid polyester-base wire strain 
gage used at temperatures up to 400° F. 


686. Gas Chromatograph 

4-p. Bulletin No. 619 describes the 
“Chronofrac Model VP-1” which gives re- 
liable solutions to routine and volatile 
liquid analysis problems. Precision Scien- 
tific Co. 
687. Sight-Flow Indicator 

Pamphlet No. 820 gives details on 
“Brooksight” flow indicator designed to 
meet requirements of chemical processing 
industries (no blind threads). Brooks 
Instrument Co., Inc. 


688. Nuclear Review 

Spring issue of “Alco Review” contains 
articles on nuclear power, radiography 
for weld testing, and a cost study of 
design variables of heat exchangers. Alco 
Products, Inc. 

689. Electrolytic Etching 

Information from Buehler Ltd. on a 
self-contained electrolytic etching unit, 
with a variable d-c. power supply, for the 
preparation of metallographic specimens. 
690. “Edgegraphing” 

16-p. data sheet explains Edgegraphing, 
a new technique for hand analysis of 
complex engineering data in_ 10, 20, or 
more variables. Statistical Engineering 
Institute. 

691. Hardness Testing 

Reference book containing complete in- 
formation on hardness testing. 
read text with many illustrations. Clark 
Instrument, Inc. 

692. Testing of Metals 

Ten-page Bulletin M-2 from Instron 
Engineering Corp. covers all fields of pre- 
cision metals testing. 
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693. “The Laboratory” 

32-p. journal features new developments 
in instruments, apparatus, lab furniture, 
reagent chemicals, and methodology. 
Fisher Scientific Co. 


694. Shock Testers 

24-p. Booklet No. 4-70 describes “Hyge” 
shock testers — precision instruments for 
simulating shock conditions. Consolidated 
Vacuum Corp. 


695. Roundness Measurement 

The Engis Equipment Co. will send in- 
formation on “Talyrond”, an analysis 
Service for determining roundness, spher- 
icity, concentricity, and coaxiality. 


696. Facilities Booklet 

Eastman Kodak Co. has released a 
booklet describing facilities for design, 
research, and production of systems util- 
ized for photography, optics, electronics, 
and infrared equipment. 


697. Temperature Programmer 

Brochure No. 792 details the advantages 
of the “ThermotraC”, a temperature pro- 
grammer designed for linear or nonlinear 
laboratory gas chromatography. Beckman 
Instruments. 


698. Spectrographic Analysis 

Jarrell-Ash Co. will send detailed tech- 
nical information on the “Compact Atom- 
counter”, a direct-reading eae, 
which can analyze a sample for as many 
as 22 elements. 


699. Research Metallographs 

Find out how “B & L” research metal- 
lographs can produce faster, easier, com- 
pletely dependable analyses to help you 
save time and materials. Catalog E-240, 
Bausch & Lomb, Inc. 


700. Load-Cell Systems 

12-p. engineering manual R-2 illustrates 
many uses for remote indicating load- 
cell systems. W. C. Dillon & Co. 


701. Grinder and Polisher 

Leaflet from Geoscience Instruments 
Corp. contains information on “Uni-Pol”, 
a universal lapping and polishing machine 
for critical surface preparation. 


702. Leak Detector 

Pamphlet 24510 describes the “Type 24- 
510 Radiflo” leak dectector, capable of 
testing hermetically sealed components 
for leaks in the 10™ atm. cc/sec range. 
Consolidated Electrodynamics. 


703. Optical Pyrometer 

When high temperatures are critical, 
rely on “Pyro-Eye”, an automatic two- 
color optical pyrometer, for precise con- 
trol. Bulletin 613, Instrument Develop- 
ment Laboratories. 


704. Portable X-Ray Units 
“Fedrex” portable x-ray units are avail- 


able in 140, 160, 200 and 260 kv. models. 
Curtiss Wright Corp. 


705. Testing Machines 

Riehle Testing Machines Div. offers 
pamphlet reviewing complete line of test- 
ing machines and accessory equipment. 


706. Ultrasonic Inspection 

Ultrasonics, Inc. will send brochure dis- 
cussing the capabilities of modern ultra- 
sonic inspection systems. 


707. Microhardness Tester 

The William J. Hacker Co. has pub- 
lished reprint entitled “A Contribution 
to the Practical Application of the Micro- 
hardness Tester” by L. Willing, Vienna. 
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UHB Orvar Tool Steel 


Provides High Dimensional Stability 


4%" 


Transfer Mold made by H. Feier Tool and Machine Co., Merchantville, N. J. 


With a plastic part this complex, retaining dimensional stability of the transfer mold 
is important! Elco Corporation, Philadelphia, found UHB Orvar “Superior, even on 
long sections...”. This transfer mold will produce approximately 3 million Diallyl 
Phthalate plastic electronic connectors, at 25 shots per hour — 3000 psi. The mold 
cavity was easily machined. Heat treatment brought hardness to Rockwell C 53-55, 
without deforming or scaling. 

UHB Orvar (SAE H-13) is a hot-work tool steel having excellent 

heat-checking, non-deforming and non-scaling properties — even 

under rapid heating and cooling cycles. 

Write for information on UHB Orvar Tool Steel, Today ! 


mite UDDEHOLM AMERICA 


155 East 44th St., New York 17, N. Y., MUrray Hill 7-4575 
cou Uddeholm Stee/s—used by American Industry since 1820 


Branch Offices & Warehouses — Chicago, Cleveland, O.— Detroit, Mich.—Los Angeles, Calif. — 
Newington, Conn.— Philadelphia, Pa.—in Canada—Uddehoim (Canada) Ltd., Montreal — Toronto 
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The 16th 


RULES FOR ENTRANTS 


Exhibitors do not need to 
be members of the American 
Society for Metals. 

Work which has appeared 
in previous metallographic ex- 
hibits held by the American 
Society for Metals is unac- 
ceptable. 

Photographic prints should 
be mounted on stiff cardboard, 
extending no more than 3 in. 
beyond edge of print in any 
direction; maximum dimen- 
sions 14 by 18 in. (35 by 45 
cm.). Heavy, solid frames are 
unacceptable. 

Entries should carry a label 
on the face of the mount giv- 
ing: 

Classification of entry. 

Material, etchant, magni- 
fication and other desirable 
data. 

A brief statement (if de- 
sired) calling attention to 
any unusual aspect of the 
entry. 

The name, company affilia- 
tion and postal address of the 
exhibitor should be placed on 
the back of the mount to- 
gether with a request for re- 
turn of the exhibit if so 
desired. 

Entrants living outside the 
United States should send 
their micros by first-class let- 
ter mail endorsed “Photo for 
Exhibition — No Commercial 
Value — May Be Opened for 
Customs Inspection’’. 

Exhibits must be delivered 
before Oct. 10, 1961, either 
by prepaid express, registered 
parcel post or first-class letter 
mail, addressed: 


Metallographic Exhibit 
American Society for Metals 
Metals Park 

Novelty, Ohio, U. S. A. 


METALLOGRAPHIC EXHIBIT 


Detroit, October 23 to 27, 1961 


All metallographers— 
everywhere— 
are cordially invited to 


display their best work. 


CLASSIFICATION OF MICROS 


1. Irons and steels, cast and wrought 

. Stainless steels and heat resisting alloys 

. Aluminum, magnesium, beryllium, titanium and their alloys 

. Copper, nickel, zinc, lead and their alloys 

Uranium, plutonium, thorium, zirconium and reactor fuel and 
control elements 


Metals and alloys not otherwise classified 

Series showing transitions or changes during processing 
. Welds and other joining methods 

Surface coatings and surface phenomena 


Class 
Class 
Class 
Class 
Class 


Class 
Class 
Class 
Class 
Class 
Class 
Class 
Class 
Class 


. Slags, inclusions, refractories, cermets and aggregates 
. Electron micrographs using replicas 

. Electron micrographs (transmission) 

. Color prints in any of the above classes 


2 
3 
4 
5. 
6 
7. 
8 
9. 
10 
11 
12 
13 
14, Results by unconventional technique 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by the Metal Congress 
management which will award a First Prize (a medal and blue ribbon) 
to the best in each classification. Honorable Mentions will also be 
awarded (with appropriate medals) to other photographs which in 
the opinion of the judges closely approach the winner in excellence. A 
Grand Prize, in the form of an engrossed certificate and a money 
award of $500 from the Adolph I. Buehler Endowment will also be 
awarded the exhibitor whose work is judged best in the show, and his 
exhibit shall become the property of the American Society for Metals 
for preservation and display in the Society’s national headquarters. 


All prize-winning photographs will be retained by the Society for 
one year and placed in a traveling exhibit to the various & Chapters. 


43rd NATIONAL METAL CONGRESS & EXPOSITION 


Cobo Hall, Detroit 


Oct. 23 to 27, 1961 
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713. Diffraction Equipment 

For details on RCA’s complete line of 
x-ray diffraction and spectroscopy appa- 
ratus or electron microscopes, contact 
Radio Corp. of America. 


714. Polishing Desk 

Buehler Ltd. has published a pamphlet 
explaining their polishing desk, which 
provides maximum efficiency in the pro- 
duction of specimens for the metallurgi- 
cal laboratory. 


715. SR-4 Indicator 

6-p. Bulletin No. 4411 presents informa- 
tion on the “Type 110” SR-4 pointer 
indicator and indicating controller made 
by Baldwin-Lima-Hamilton Corp. 


Casting 


717. Investment Castings 

56-p. bulletin on 
castin uipment and supplies is avail- 
able te, Alexander Saunders & Co. 


718. Mixing Equipment 

Brochure B-521 from Mixing Equipment 
Co. describes line of equipment for effi- 
cient fluid mixing. 


719. High-Temp Vacuum Furnace 


NRC Equipment Corp. has issued a 
specification sheet on the “Model 2914-A 
vacuum furnace for heat treating up to 


720. Vacuum Pumps 

“Series H Microvac” pumps coffer more 
pumping performance per dollar. F. J. 
Stokes Corp. 


721. Oxygen Supply 
Get the full story on oxygen supply and 
applications from Air Reduction Sales. 


722. Refractory Cement 

Norton Co. has information on “alun- 
dum” aluminum oxide; “Magnorite” mag- 
nesium oxide; spinels and “Crystolon 
silicon carbide cements. 


723. Metal Quality Control 

4-p. folder entitled “Automatic X-ray 
Spectograph Speeds Analyzing of Met- 
als” is available from Philips Electronic 
Instruments Div. 


724. Die Casting Machine 

The Cleveland Automatic Machine Co. 
has issued 6-p. Brochure No. 461 which 
presents detailed specifications and _illus- 
trates construction features of the “Model 
400” high-pressure hydraulic die casting 
machine. 


725. Vacuum Degassing 

Bulletin 300 describes “Vacuum Degas- 
sing of Steel in the Ladle Process”, as 
oa as the technique of pouring deg 
steel through a blanket of argon gas. A. 
Finkl & Sons Co. 


726. Meehanite Metal 

16-p. brochure entitled “The Case For 
Meehanite Dies and Molds” presents out- 
standing applications and properties of 
the metal. Meehanite Metal Corp. 


727. Investment Molding 

Lebanon Steel Foundry has published a 
bulletin, “Combining Ceramic and Invest- 
ment Molding in a Single Casting”. 


728. Endothermic Generator 

Lindberg Engineering Co. offers Bul- 
letin T-200 on its “Hyen” endothermic 
generator, a fully automatic process for 
producing low-cost protective atmos- 
pheres for bright hardening, bright an- 
nealing or brazing of steel. 


729. Atmosphere Analyzer 

Mine Safety Appliances Co. has issued 
a bulletin discussing the “Lira Model 300 
infrared analyzer for measurement of CO, 
CO., methane, and dewpoint in furnace 
atmospheres. 
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737. Electromanganese 

Bulletin 201 from Foote Mineral Co. 
discusses electromanganese for producing 
cleaner, better surface steels at lower 
cost. 


738. Button Furnace 

Zak Machine Works will send literature 
describing their vacuum button furnace, 
a compact unit for experimentation, qual- 
ity control, or small production and 
laboratory melts. 


739. Stopper Head 

4-p. leafiet from Vesuvius Crucible Co. 
outlines special features of a “Rotolok” 
stopper head, the first major improvement 
in stopper rod assembly for steel pouring 
introduced in the last 30 years. 


740. Refractory Maintenance 
4-p. reprint covers techniques of refrac- 


tory maintenance in basic oxygen fur- 
naces. Harbison-Walker Refractories Co. 


Parts 


742. Tubular Products 

Bulletin No. 12 from J. Bishop & Co. 
discusses tubular products up to 1 in. O.D. 
in stainless, nickel, and super-alloys. 


743. Decimal Chart 

A decimal equivalent chart designed 
for quick conversion of Birmingham wire 
gages and fractions to decimals is avail- 
able from Ohio Seamless Tube Div. 


744. Precision Springs 


Information from Associated Springs 
Corp. describes more than 800 new sizes 


of precision compression and extension 
coil springs. 


745. Threaded Fasteners 

“Friction as a Factor in Bolt Tension, 
Galling, and Seizing”, an ~* reprint of- 
fered Alpha-Molykote Corp., covers 
effect of. friction in threaded connections. 


746. Guide and Piston Rods 

In combination with hardened steel 
bushings, “Bronze Case” increases life of 
pase rods and piston rods tenfold. Bul- 
etin lists money-saving advantages, spec- 
ws and sizes. Thomson Industries, 
ne. 


747. Wire Cloth 
120-p. catalog from Cambridge Wire 
Cloth Co. describes wire cloth made from 
a wide range of metals including ti- 
ann, platinum, lead, stainless steel, or 
ronze. 


748. Self-Aligning Locknut 

Leaflet released by Standard Pressed 
Steel Co. reviews a self-aligning locknut, 
“SPS SA-16”, that compensates for out- 
of-squareness condition as great as 8°. 


749. Carbon Steel Tubing 

Revere Copper and Brass has published 
a 4-p. leaflet entitled “Electric sistance 
Welded Steel Pressure Tubing” which 
discusses the production and testing of 
welded tubing for heat transfer uses. 


750. Flexible Metal Hose 

32-p. illustrated guide published by 
Atlantic Metal Hose Co. is designed to 
help the engineer select the right flexible 
metal hose and design for his specific 
installation. 
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The Niagara Aero Heat Exchanger 
transfers the heat to atmospheric 
air by evaporative cooling. It ex- 
tends your quenching capacity 
without using extra water. It pays 
for itself with water savings. 


You can cool and hold accurately 


You Get Better Results 


HEAT TREATING! 


@ Use the NIAGARA AERO HEAT 
EXCHANGER to control the temper- 
ature of your quench bath and you re- 
move the heat at its rate of input, always 
quenching at the exact temperature that 
will give your product the best physical 
properties. 


the temperature of all fluids, gases, 
air, water, oils, solutions, chemicals 
for processes and coolants for me- 
chanical and electrical equipment. 
You get closed system cooling, free 
from dirt and scale. 

Write for Bulletins 120, 124, 132 


NIAGARA BLOWER COMPANY 


Dept. MP-8, 


405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities of U. S. and Canada 
Circle 838 on Page 48-B 


- Hot Billet Heating 


19 Wilkens Avenue, Baltimore 3, Md. 


eat Treating equ 
nd improves | Westinghouse Electric Corporation, 
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THE 
AMERICAN SOCIETY 
FOR METALS AND 
METAL PROGRESS SERVES 
33,000 MEMBER READERS 
IN 11 MAJOR AREAS 
OF THE METAL INDUSTRY 


215 WAYNE STREET 
ST. JOSEPH, MICHIGAN 


METAL PROGRESS 


Postage will be paid by 
READER SERVICE DEPARTMENT 


August, 1961 issue 
METAL PROGRESS 


The ASM is the communications center for technical information 
wherever metals are produced, processed, fabricated, designed, 
tested and applied. Metal Progress, monthly engineering maga- 
zine of the Society, reports on engineering developments in 
these 11 major technological areas: 


FERROUS METALS 
NONFERROUS METALS 


HEAT- AND CORROSION-RESISTANT AND 
ELECTRICAL MATERIALS 


RADIATION AND NUCLEAR MATERIALS & EQUIPMENT 


TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT 


215 WAYNE STREET 


INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES 


ST. JOSEPH, MICHIGAN 


CLEANING AND FINISHING EQUIPMENT AND SUPPLIES 


METAL PROGRESS 


WELDING AND JOINING EQUIPMENT AND SUPPLIES 


INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES 


Postage will be paid by 


PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES 


PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS 


READER SERVICE DEPARTMENT 
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Metal Progress August, 1961 Issue 


SEND COPIES OF THE FOLLOWING ARTICLES, FREE 


Metal Progress August, 1961 Issue 
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Cards not valid with 
October 31, 1961. thout company name, or If weed after 


Cards not valld without company name, or If used after 


October 31, 1961. 


Catalogs and bulletins, new products and serv- 
ices and most advertisements in Metal Progress 
are numbered. To receive more information, 
circle the appropriate numbers on one of these 
postage paid cards. Editorial reprints will be 
sent free as long as they last. 


Catalogs and Bulletins are available from a 
scrutinized and up-to-date list of manufacturers’ 
literature, conveniently indexed under the 11 major 
Engineering Areas. 


More Facts on Advertised Products. Because some 
advertisements cannot be numbered, please write 
the names of those advertisers in the blanks 
provided. 


New Products and Services are numbered. Circle 
the postcard for more information. 


Reprints of Articles are yours for the asking as 
long as they last. No need to clip your Metal 
Progress issue for reference filing; send for reprints. 


Please Include Your Name and Address! 
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Your best move is to UNITRON... 
for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 


UNITRON’S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and 
mechanical design . . . unique and convenient 
operational features . . . budget prices . . . 


free trial period — these, together with 
proven performance are the reasons why... 


THE TREND IS TO UNITRON! 
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INSTRUMENT COMPANY * MICROSCOPE SALES DIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 
Please rush UNITRON’S Microscope Catalog 2-S 


—------------5 
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Fights Flux Attack to Cut Brazing Costs 


Because of the severe destructive effects of flux used in aluminum 
and copper brazing processes, proper alloy selection and quality 
construction are the only answers to long belt life in this type of i 
operation. Cambridge Cambriloy 35-19 Metal-Mesh Belts have 
successfully withstood flux attack in many copper brazing in- 
stallations for as long as 6000 hours, giving users continued 
production of quality parts while cutting operating and mainten- 
ance costs. 


There is a complete line of Cambridge Belts in special and 
standard metals and alloys to meet your specific requirements— 
custom built in any weave to insure the most efficient processing. 


Experienced Cambridge Field Engineers—experts in their field— — 
are available to discuss your needs and help you select the best : 
belt suited to your operations. Or, they can offer you sound 

advice on the installation, operation and maintenance of your 

Cambridge Belts. Talk to your Cambridge man soon. He’s listed 

in the Yellow Pages under “Belting, Mechanical.” Or, write for 

free 130-page reference manual. 


The Cambridge Wire Cloth Co. 


DEPARTMENT B © CAMBRIDGE 8, MARYLAND 


Manufacturers of Metal-Mesh Conveyor Belts, Flat Wire Conveyor Belts,. 
Wire Cloth, Wire Cloth Fabrications, Gripper® Metal-Mesh Slings 
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HONEYWELL 


The New Honeywell Thermal System withstands extreme vibration and corrosion conditions 


Here’s a new gas-actuated thermal system that 
takes the zig-and-zag out of temperature record- 
ing under severe vibration conditions. 


A complete series of vibration tests has proved 
the vibration resistance of the new Class Ill 
thermal system. In these tests (shown above), the 
Class Ill system was installed in a standard 
Honeywell rectangular case recorder, and sub- 
jected to forced vibrations in three mutually per- 


pendicular planes. With accelerations up to 0.2G 
from 0 to 200 cps, maximum pen oscillation was 
limited to 1.5%. For more than 75% of the range, 
pen oscillation was less than 0.5%, with no reso- 
nant effects at 60 cycles. 


Get the complete story by contacting your nearby 
Honeywell field engineer. Minneapolis-Honeywell, 
Wayne and Windrim Aves., Phila. 44, Pa. In Can- 
ada, Honeywell Controls, Ltd., Toronto 17, Ont. 


Honeywell 
Fit Couto 


Since 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturingin United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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Batch type furnaces form 
mechanized heat treat line 
At The Harnischfeger Corporation, one man 
can supervise a group of standard heat treat units 
linked with a shuttle buggy which moves parts 
quickly and easily from process to process. 
Production rate is 460 net pounds per hour of 
pinions, gears, rollers, shafts, and pins. Chief rea- 
son for this is the Surface atmosphere Allcase® 


furnace. No matter how dense the load, this Power 
Convection furnace automatically hardens and de- 
livers parts with uniform quality. 

Other standard Surface units include two tem- 
pering furnaces, two atmosphere generators, and 
an Autocarb® system which automatically controls 
the carbon content of gas atmosphere. 

Write for information: 2377 Dorr St., Toledo 1, 
Ohio. In Canada: 2490 Bloor St., West, Toronto. 


SURFACE 


SURFACE COMBUSTION, Toledo 1, Ohio/ a division of Midland-Ross Corporation Ne =< | 
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MINIMUM OPENINGS 
FOR HANDLING 
SMALL PARTS 


~. 
: 
: TIGHT FITS— 


s . = STRONG FLANGES- 
Give ie FULL CLOSURE AT DISCHARGE 


Retter 


- Improved Proprietary Design 
-Better Castings 
-Proven Performance 


The SUPERIOR PERFORMANCE of AECCo. FURNACE BELTS in 
many customers’ plants confirms the advantages of the AECCo. proprietary 


UNIFORM belt design, and of the advanced casting methods used. 
a ad SECTION Users report less stretch, less “crankshafting” and maintenance of tighter 
a . WITH SHARP joints after extended service than with other products. 
> DETAIL Drive and idler drums, rollers, skid rails, and any other auxiliary alloy 


components can also be supplied by AECCo. for best total service of furnace 


PIN SUPPORT AT belt installations. 


CENTER OF LINK FOR 
MINIMUM DEFLECTION 


MACROSECTIONS— 
FINE UNIFORM 
GRAIN SIZE FOR 
BEST FATIGUE 

PERFORMANCE 


DOUBLE RIBS- 
BETTER STRENGTH 
WITH METAL IN 
LINE OF STRESS 


EQUAL METAL SECTIONS FOR BALANCED DESIGN 


¢(EASTING (=D. 


1700 W. Washington St. St., Champaign, Ill. : Fleetwood 6-2568 
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WRENCH SOCKETS, made by Herbrand Division of The Bingham- 
Herbrand Corporation, Fremont, Ohio, illustrate the kind of appli- 
cation where the superior strength, toughness, and machinability 
of Republic Cold Finished Alloy Bars help produce a better product 
at lower cost. 

Bars are formed, drilled, and cut off in an automatic screw 
machine, then hot broached to shape internal dimensions. Final 
stages of socket production include heat treat and chrome plating. 
Mail coupon for more data on Republic Alloy Bars. 


ROTOR BUCKETS for Mechanical Drive Turbines manufactured by 
Elliott Co., Jeannette, Pa., are produced from Republic Stainless 
Steel Special Sections . . . an excellent example of how Republic 
Special Sections save money on tough-to-make parts. 

User benefits include: simplified machining, corrosion and abra- 
sion resistance, greater strength and hardness, smooth surfaces that 
reduce or eliminate finishing operations. Available in a wide 
range of sizes and contours . . . carbon, alloy, stainless steel, 
and titanium. Send coupon. 


+ Strong, Modern, Dependable 


| 
4 
ed CENTURY SERIES C-1144 for highly machined parts. i 
e CENTURY SERIES C-1141 and C-1151 for moderately machined parts. 
Si CENTURY SERIES C-1050 and C-1045 for parts where machinability is a minor factor. aad 
L 


REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 
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Cold Fi Finished Bars 


LET YOU CHOOSE FROM 5 GRADES, 
5 DEGREES OF MACHINABILITY, 
5 PRICE LEVELS 


With Republic’s CENTURY SERIES of high strength, stress 
relief annealed, cold finished steel bars, you pay only for 
the machinability you need to meet your production 
requirements. CENTURY SERIES bars are priced on a 
descending scale (as machinability decreases, price drops). 
This makes it possible for you to realize important sav- 
ings by selecting lower-sulphur-content, high-strength- 
toughness-ratio bars for applications where machinability 
is not of prime importance. Each of the five grades has 
a minimum yield strength of 100,000 psi. 


PRODUCTION FACILITIES for CENTURY SERIES 
bars are strategically located in key metalworking markets 
to serve you better. Result: faster deliveries, and expert 
metallurgical service, when you need it, on the complete 
line of Republic Cold Finished Steel Bars. For more 
information on CENTURY SERIES bars and Republic 
Metallurgical Services, send the attached coupon. 


, REPUBLIC STEEL CORPORATION 
DEPT. MP -1565-B 
1441 REPUBLIC BUILDING - CLEVELAND 1, OHIO 


Send more information on: 


O CENTURY SERIES O Cold Drawn Special Sections 


OCold Finished O Cold Finished Alloy Steel 
Stainless Steel 

Name Title 

Company 

Address 


City Zone State. 


Cut Material Costs. 
High Strength 


ie 


1114 AB Cutter 


1259 AB Speed Press 1470 AB Handimet Grinder 


METALLOGRAPHY 4 


1114 AB Cutter — The ideal wet abrasive cut-off machine 
for laboratory work on stock up to 4%”. It is specially 
designed for the metallurgist for precision, speed and 
economy. 
1330 AB Speed Press — Rapid production of perfectly 

mounted samples, achieved only with the unique preheated 

premolds, removes another laboratory bottleneck. Standard Polisher 


1470 AB Handimet Grinder — Four stages of fine grinding 
are accomplished with speed and facility on the Handimet. 
It makes the most of modern grinding methods. 


1500 AB Standard Polisher — This is the most popular 1905-2 AB 
metallographic polisher ever built. It has direct 2 speed Aiton 
drive, accurate balance, quick change wheels and is easy 

to clean. Attachment 


1905-2 AB Automet Attachment — High quality micro- 
sections are produced by this unit with great savings of time 
to the operator. Fits all Buehler Low Speed Polishers. 


1720 AB Electro-Polisher — With this unit, electro polish- 
ing becomes routine. Design and materials are selected for 
simplicity of operation and minimum maintenance. 


The above are a few of the popular models from our com- 
plete line of metallographic sample preparation equipment. 
Many other models and types are available for 
your selection. Buehler equipment is designed 
and built according to suggestions from prom- 
inent metallurgists in America and throughout 
the world and is backed by 25 years of service 
to your industry. 


SS 
AN 


METALLURGICAL APPARATUS 
sr. EVANSTON, ILLINOIS, U.S. A 1720 AB Electro-Polisher 
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The wedding of OHIO DIE and the advantages of Precision Ground steel brings 
to every toolroom new convenience—new utility—new economy in the employ- 
ment of one of America’s great die steels. 

This favorite high carbon, high chromium steel is now available precision 
ground to a finish of 30 micro-inches or better; sides flat and parallel; corners 
true and square. Each piece is packaged individually in a rust-preventive 
envelope, plainly marked for size and with clear heat-treating instructions. 

OHIO DIE is stocked in a wide range of sizes in all our district warehouses. 
Call for prompt delivery! 


VANADIUM-ALLOYS STEEL COMPANY 


GENERAL OFFICES: LATROBE, PA. 

z DIVISIONS: Anchor Drawn Steel Co. + Colonial Steel Co. « Metal Forming Corporation « Pittsburgh Too! 
Steel Wire Co. ¢ Vanadium-Alloys Steel Co. 

€ SUBSIDIARIES: Vanadium-Alloys Stee! Canada Limited *« Vanadium-Alloys Steel Societa Italiana 

SPec\pY Per Azioni e EUROPEAN ASSOCIATES: Societe Commentryenne Des Aciers Fins Vanadium-Alloys (France) 

Nazionale Cogne Societa Italiana (italy) 
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If you check thermocouples, recorders 
or controllers in plant or lab and are 
tired of lugging around an oversize 
instrument just to get the precision 
you need, you’ll welcome one of L&N’s 
three new portable—really portable— 
potentiometers. All the essentials— 
galvanometer, battery, standard cell 
—are compactly housed in a 7” x 6” x 
5” case... and weigh only 414 pounds. 
An 8694 Single-Range and an 8695 
Double-Range Potentiometer read 
directly in degrees in any of 15 tem- 
perature ranges. An 8696 Potentiom- 
eter reads directly in millivolts on two 
ranges, 0 to 22 and 20 to 64... hasa 
manual reference junction compensa- 
tion dial, and can be used as a source 
of calibrated voltage for checking 
other potentiometer-type instruments. 

Get the full story on these new com- 
pact instruments—and their compact 
price (starting at $200.00). Just phone 
your nearest L&N Office, or write for 
Data Sheet E-33(5) from Leeds & 
Northrup Company, 4927 Stenton 
Ave., Philadelphia 44, Pa. 


LEEDS & NORTHRUP 
Pioneers in Precision 
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The Westinghouse Standard Control Division at Beaver, 
Pa., compared New free machining Uniloy 303MA* stain- 
less steel with regular Type 303. The part—a close 
tolerance spring end support for circuit breakers and con- 
trol equipment—was machined from %-inch stock. Here 


are the production line results: 

AISI Type 303 New Uniloy 303MA 
Spindle Speed 890 1180 
Surface Ft. per Min. 115 155 
No. Pieces per Hour 110 144 
Tool Life Form tool sharpened Form tool sharpened 


3 times every 8 hours once every 6 hours 
New Uniloy 303MA also machined cleaner and smoother 
to produce higher quality parts. It is now specified in all 
*U.S. PATENT NO. 2,900,250 


BOOSTS STAINLESS PART 
PRODUCTION 31% WITH NEW 
FREE MACHINING UNILOY 


applications formerly calling for Type 303 stainless steel 
at this plant. 

Cut your production costs! Order New Uniloy 303MA 
at your nearest Universal-Cyclops steel service center or 
sales office. Ask for your copy of the “Uniloy 303MA” 
brochure. 


UNIVERSAL 
CYCLOPS 


STEEL CORPORATION 
EXECUTIVE OFFICES: GRIDGEVILLE, PA. 


STAINLESS STEELS / TOOL STEELS / HIGH TEMPERATURE AND REFRACTORY METALS 
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Whether you choose by specification, 
prie or both... "hhere’s a Honeywell 


pressure control 


LJ] For precise control at low 
cost —R7086 —R7087 


Temperature controllers for use wherever precision tem- 
perature control must be maintained. Ranges from 
—150° to +3000° F. are possible. R7086 uses thermo- 
couple, R7087 uses resistance bulb. Both, surface or 
flush mounted. R7086 $150.00; R7087 only $120.00. 


] For accurate control with 
indication at low cost 


T654A indicates and controls temperatures on an evenly 
graduated scale accurate within 1% of scale range. This 
switch can control an Actionator*, motor, relay, contactor 
or other device. Completely compensates for ambient tem- 
perature changes. Ranges from —150° F. to 1200° F. 
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temperature or 
to fit your exact needs! 


Whatever your application, 
you'll find the control that suits 
you best in Honeywell's 
complete selection 


P444 


For industrial applica- 
tions that call for inde- 
pendent high-pressure 
and low-pressure set- 
tings and switching ac- 
tion. Adaptable forsur- 
face or flush mounting. 


1444 


For a wide variety of 
industrial applications 
requiring independent 
high-temperature and 
low-temperature set- 
tings and switching ac- 
tion. Adaptable for 
surface or flush mount- 
ing. Ranges from 0° F. 
to 660° F. 


P428 
For general industrial 
applications requiring 
the control or limiting 
re = = of relatively high pres- 
ae SSS sures. Models are 
made with explosion- 
proof case for hazard- 
ous locations. Ranges 
from 30 PSI to 5000 
PSI. 


ge Designed for use as a 
remote-bulb tempera- 
ture controller. SPDT 
switching provides 
temperature control in 
heating, cooling, or 
heating-cooling com- 


CJ For reliable control at mercial and/or indus- 


trial applications. 


minimum cost—VERSA-TRAN Ranges from —130" 


to 1200° F. 
This inexpensive controller is completely transistorized. Trademark 
Needs no tubes, no warm-ups . . . gives instant reaction. 
Works with sensors that can be thermisters, probes, re- 


sistance bulbs, pressure transducers or humidity ele- Honeywell 


ments. Available in various temperature, humidity and 
pressure ranges. Standard models as low as $39.50. Model Fiat ve Coitol 
shown above only $49.50. |H) 

Write Honeywell, Minneapolis 8, Minn. SINCE 1865 


HONEYWELL INTERNATIONAL Sales and service offices in all principal cities of the world. Manu. 
facturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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Where 
maximum cleanliness is a “must”... EXLO® “75” — Extra high in 
chromium and extra low in carbon, ExLo “75” is specially designed for use in very low-carbon 
stainless steels and heat-resistant alloys. There are two grades to choose from—.015% max. carbon 
and .025% max. carbon—both of which contain a minimum of 75% chromium. Because of its excep- 
tional cleanliness, ExLo “75” is particularly adaptable to vacuum melting and other processes requiring 
minimum contaminant elements. 


And don’t forget the Exto Standard Grades for use in low-carbon stainless and heat-resistant steels, 
irons and alloys. Like all ExLo ferrochromium alloys, they have high density and maximum cleanliness. 
Write for information or call your nearest VCA District Office. Vanadium Corporation of America, 


420 Lexington Avenue, New York 17, N.Y. + Chicago « Cleveland + Detroit + Pittsburgh. 


CORPORATION OF AMERICA 


Producers of alloys, metals and chemicals 
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FROM HOBART 


It pays to use equipment that’s 
easy to adapt to your particular 
work. Hobart’s automatic equip- 
ment ‘‘package”’ is the finest 
available: A constant voltage 
welding machine and power 
source. Automatic wire-feeder 
and controls. Complete acces- 
sories. Automatic welding wires 
and submerged arc fluxes. 
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CLIP AND MAIL TODAY, FOR MORE INFORMATION 


SO VERSATILE you can 


use it for— 


1. INERT GAS The basic unit welds alumi- 
num, stainless, monel, inconel, steel and 
other metals. 


2. CARBON DIOXIDE(CO, )Just change to 
waterless side delivery nozzie (at left) for 
welding steel and some alloys. 


3. SUBMERGED ARC Add this flux hopper 
for welding steel and alloys. 


Select your welding process by simply switching 
components. Choose the method most suitable for 
your production schedule. Results are amazing. 
Welds are uniform time after time, and there’s no 
need to use highly skilled operators. 


No. 2 CO Nozzle and No. 3 Flux Hopper ore optional components at 
slight extra cost. 


HOBART BROTHERS CO., BOX MM-81, TROY, O. 
Phone FE 2-1223, “Manufacturers of the world's most 
complete line of arc welding equipment.” 


HOBART BROTHERS COMPANY, BOX MM-81, TROY, OHIO 
OC I'd like to know more about Hobart’s new versatile 
automatic welding equipment. I'm particularly interested 
in: (Fj Inert Gas Welding (] CO, Welding (] Submerged Arc 
Welding (] Automatic Wire () Submerged Arc Flux. 


Name 


Our work is. 


Company. 
Street 
City. 


Zone 


State 


= Bae 
< = 3. 
YOU CAN SELECT A COMPLETE “PACKAGE” 


| 


150 OPENINGS BURNED IN HUGE CONTROL PANEL ASSEMBLY 


Expert Ryerson flame-cutters had to exercise their greatest skill in cutting 
these openings with a degree of accuracy that would assure proper installation 
of a complex instrument system. Distortion had to be carefully controlled and 

a high degree of flatness maintained so that the plates would have a good 
appearance when painted. These exacting requirements were readily met by Ryerson. 


How 


cools off the high-cost 
hot seat! 


Here are two examples of how Ryerson Metalogics 
helps hundreds of companies save money, improve 
their products and cut costs. 


Metalogics-trained Ryerson specialists help you 
value-analyze high-cost production problems—and 
give you unbiased recommendations on exactly the 
right steel, aluminum or plastic, plus the best 
methods of fabrication, to do the job. 


SUGGESTION ELIMINATES THREAD GALLING 


Little wonder, then, that more and more com- Manufacturer made this special coupling of alu- : 
panies across the country find the high-cost hot 
seat a little cooler after inviting a Ryerson man to ing of threads presented a problem. 
value-analyze specific problems and come . Following the recommendation of a Ryerson 
P up with Metalogics specialist, the company hard-coated 
recommendations. Is your company taking full ad- the parts by special low-temperature anodizing, 
vantage of this unique service? which produced a surface hardness of Rockwell 
; 70 C. Galling was eliminated, and corrosion resist- 
Metalogics—the Ryerson science of giving ance increased. One more example of cost-cutting 
optimum value for every purchasing dollar. technical help from Ryerson. 


RYERSON =) 


JOSEPH T, RYERSON & SON, INC., MEMBER OF THE g, STEEL FAMILY 


STEEL ALUMINUM PLASTICS METALWORKING MACHINERY 
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American INDUSTRY IS HARNESSING the 
atom in new ways almost every day to make 
manufacturing more profitable through im- 
proved methods of nondestructive testing and 
process control. Today, over 1700 industrial 
firms, including the nation’s largest, have been 
licensed to use radio-isotopes for one or more 
purposes. Over 6000 nuclear gages control the 
quality of a wide range of consumer and indus- 
trial products on hundreds of production lines. 
Over 450 firms use radio-isotope gamma emit- 
ters to perform radiography in their own opera- 
tions or as a service to others. 

“Yet we in the A.E.C. do not believe that 
more than a fraction of the potential benefits 
of radio-isotopes have been realized.” Thus, 
spoke Paul C. Aebersold, director of A.E.C.’s 
Office of Isotopes Development in a presenta- 
tion made with Oscar M. Bizzell, chief of the 
Isotope Technology Development Branch be- 
fore the Society for Nondestructive Testing at 
the Western Metals Congress in Los Angeles. 

It was this growing awareness of the un- 
developed potential of radio-isotope and radia- 
tion applications that led the A.E.C. to establish 
a formal Isotopes Development Program. This 
program does not engage in basic research nor 
is it concerned with producing fully engineered 
devices. Instead, it attempts to reduce the time 
lag between conception of a new principle and 
its practical application by generating a broad 
technological base for the use of radio-isotopes 
and radiation in industry. 

Radio-isotopes and the types of radiation they 
provide can be used for testing in a number of 
ways — as tracers, in radiography, in gaging and 
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in a variety of unique applications which offer 
unusual potential for industrial progress. 
Gamma gaging is used to measure thickness of 
hot steel strip and tubes. The sensitivity of 
control systems in such applications is being 
improved by the development of scintillation 
detectors for industrial use. Progress in this 
area is expected to lead to much wider utiliza- 
tion of gamma thickness gages. 

Simultaneous measurement of the transmis- 
sion of two gamma rays of different energy, as 
from cobalt 60 and cesium 137, can provide con- 
trol information on processes in which two ma- 
terials are combined. A potential use is in 
plating or cladding of one metal with another. 

Current developments in beta gage technol- 
ogy include the application of tritium, krypton 
85 and promethium 147 which offer new energy 
levels for inspecting a greater range of mate- 
rials. Secondary x-rays offer new possibilities 
in nondestructive testing of thin materials. The 
broad potential for use of neutrons in industrial 
testing and process control remains largely un- 
tapped. (Additional applications for radio- 
isotopes in testing and control are discussed on 
p. 88.) 

The editors recall that in 1958 the U. S. 
Atomic Energy Commission estimated that the 
use of radio-isotopes was saving U. S. industry 
some $500 million a year. This was equal to 
a 7% dividend on the $7 billion the government 
had invested in atomic energy plants up to that 
time. Is your company sharing in this dividend 
and are you alert to the new utility of isotopic 
methods for solving problems in testing and 
process control in your plant? 8 
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High-Energy 
Forming 


How to Design 


for Explosive Forming 


By VERNON H. MONTEIL* 


The process is not a cure-all for forming difficulties 

but is a good supplemental technique that is useful in shaping difficult materials 
and large parts. With explosive forming, designers can expect 

decreased die costs when short production runs are planned. 


(G-general; NM-k34, 17-51) 


Exrrosive FORMING HAS EVOLVED as one 
of the most dramatic of the new metalworking 
techniques. Instead of forming with a punch 
or diaphragm as in a conventional machine, this 
process employs an explosive charge. The 
charge used is very small, but it is capable of 
exerting tremendous forces on the workpiece. 
Since the explosive forces are so large and the 
detonation pressures are developed so rapidly, 
the forming rate is usually from 250 to 500 ft. 
per sec. These conditions of extremely high 
forces and rapid forming rates cause many of 
the peculiar advantages and disadvantages of 
explosive forming. 


Why Use Explosive Forming? 


In the early stages of explosive forming, its 
most important use was in production of parts 
which were very difficult or expensive to form 
by conventional methods. Although the large 
forces attainable with explosives give the 
method a definite advantage in forming some 
parts of this type, the greatest advantages lie 
in making parts specifically designed for explo- 
sive forming. There is, for example, no advan- 
tage in explosive forming for long production 
runs or parts which are designed for and easily 


*Research Department, Rocketdyne, Div. of 
North American Aviation, Inc., Canoga Park, Calif. 
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formed on conventional equipment. However, 
it may be used to form a completed assembly 
in place of a number of subassemblies; here it 
shows definite economic advantage. 

A major consideration in designing for explo- 
sive forming is, of course, the characteristics of 
the material from which the part is to be made. 
Some knowledge of the relative formability of 
each new alloy — compared to some basic metal 
—is a great aid when considering the potential 
of explosive forming for making a part. Figure 
1 is an example of this type of data. Data of 
this kind are certainly not intended to indicate 
what metals can and cannot be explosively 
formed; they do, however, shed some light 
on the relative weight of explosive charge re- 
quired for various materials. 


Design Considerations 


Probably the most important item for the 
designer who is considering explosive forming 
is the explosive charge. The explosive is merely 
a source of energy —the same as supplied by 
any forming machine. However, because of 
their nature, explosives provide a highly con- 
centrated source of energy. For example, a 
2-0z. charge will do the work of a 10-ton press 
on a small part, and the work of a 40-ton press 
on a part twice as large. Furthermore, explo- 
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Fig. 1 — Relative Forma- 
bility of Various Alloys by 
Explosives. Comparison is 
based on material 0.032 
in. thick in the annealed 
condition unless  other- 
wise indicated. The ex- 
plosive was detonated 15 
in. from each workpiece 


Aluminum (1100-0) 


No.20 CB Stainless 


PH 15-7 Mo 
Hastelloy X 


4130 Steel (Normalized) 
6 Al, 4 V Titanium ie | 

Type 301 (Full Hard) 


sives can be put into a very small space (as 
small as 0.1l-in. inside diameter) to accomplish 
this work. The explosive may be placed in 
almost any position to form the part as desired. 
No longer is it necessary to build a die to fit 
a machine and to move the die and workpiece 
to the machine for forming. The explosive 
(generally less than 1 Ib. and costing about 
$0.50) can easily be moved to the workpiece for 
forming; yet any desired load can be applied. 
By using ‘the proper charge weight, shape and 
position, almost unlimited forces may _ be 
obtained. 


Fewer Dies Needed 


In its present state of development, the form- 
ing cycle for explosive forming is usually longer 
than that required on conventional machines, 
particularly for long production runs of small, 
simple parts. However, as the number of parts 
decreases and the size increases, the cost of 
explosive forming remains nearly constant while 
the cost per part for conv entional forming goes 
up appreciably. This is especially true for parts 
requiring matched male and female dies for 
conventional forming. Only a single female 
die is required in the explosive technique. 


Better Control of Thickness 


For normal explosive forming operations, 
the ordinary limits of material elongation and 
minimum bend radii may be used as a rule 
of thumb. Material thinning is generally similar 
to that obtained during conventional forming 
except that more control is possible. Quite 


often it is possible to gather material or to apply 
a more uniform load to a workpiece during ex- 


| 


plosive forming. Thus, thinning of a deep part 
can be reduced and sections of nearly uniform 
thickness can be made. 


Close Tolerances Possible 


Ordinary tolerances for explosive forming are 
of the order of +1/32 in. Such parts can be 
formed quite rapidly and easily. Close toler- 
ances down to +0.001 in. are also easily ob- 
tained, but a longer forming cycle and better 
dies are needed. 

Finally, in bulging operations, one of two 
choices is open to the designer. If a part has 
sufficient draft to allow it to be removed from 
a one-piece die, the forming operation is simple 
and the die is relatively inexpensive. Draft is 
particularly important for parts requiring close 
tolerance. If for some reason the part cannot 
be removed from a one-piece die, it is necessary 
to use a split die which requires more fabrica- 
tion time and lengthens the forming cycle. 


What Parts Can Be Made? 


To show some of the important design consider- 
ations, a number of general applications are 
illustrated on the next pages. It should be 
remembered that explosive forming is a supple- 
ment to conventional forming techniques, and 
is by no means a cure-all for forming problems. 
Each of the illustrations demonstrates only 
one design consideration, but it should be kept 
in mind that in designing a part for explosive 
forming, several advantages inherent to ex- 
plosive formed parts may be included in one 
design. For example, one operation may be all 
that is required to form, neck and clad an 
unsymmetrical aluminum shape. S$ 


More on Designs for Explosive Forming > 
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Where to 
Design for 
Explosive Forming 


This Is a Symmetrical Part (a Fur- 
nace Mandrel) Which Is Difficult to 
Spin Because of the Material and the 
Very Close Tolerances Desired. It 
consists of two parts, the chamber 
(upper) section and the tail cone, 
each of which was formed from a 
preformed truncated cone. Made of 
20 CB stainless steel 0.115 in. thick, 
the part is a braze mandrel used to 
lay up individual tubes to form a 
thrust chamber. Entire rig is then 
placed in a furnace for brazing. 


Recent Advancements in Thrust-Chamber Fabri- 
cation Make It Mandatory to Square the Ends of 
the Tubes to Very Small Corner Radii (Less 
Than 0.005 in.). Stainless steel tubes shown in this 
photograph were squared and punched in one op- 
eration. The ends were severed with a cut-offe 
wheel and then squared, punched and trimmed 
simultaneously. Here, the explosive techniques not 
only result in a well-formed tube, but eliminate a 
troublesome punching operation as well. These 
holes are consistently the same and have no ap- 
preciable burr. Material is Type 347 stainless 
0.010 in. thick and the tubes are %4 in. square. 


Although this Aluminum Hatch Cover Is Small (24 
In. in Diameter), It Represents a Type of Forming 
@ Which Usually Requires Large Equipment. With the 
tremendous forces available in explosives, such op- 
erations are quite inexpensive and feasible. This part 


was made from 6061-T 6 flat stock 1% in. thick. 
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The Outer Shell for a Rocket 
Motor Was Formed From 
Ordinary Piece of Seamless 
Stainless Steel Tubing (Type 
321, 0.090 In. Thick). In one 
operation, explosive forming 
produces an unsymmetrical 
shape to a tolerance of + 0.001 
in. Part is about 8% in. long. 
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Often in Making Thin-Walled Heat 
Treated Assemblies, Distortion En- 
countered During Quenching Re- 
quires That the Part Be Formed or at 
Least Sized After Punching. Ordinary 
jigs used to prevent distortion during 
heat treatment are often costly and 
inefficient. In this aluminum part, a 
pylon access door, explosive tech- 
niques have been utilized to complete 
the forming of the part in the solu- 
tion-treated condition. Furthermore, 
the parts produced by this method 


are so uniform that they are inter- 


changeable. The alloy is 6061-T 6 %-In. Diam. Type 321 Tube It Was Desired to Produce a 
aluminum, 0.063 in. thick. tea Copper Part as Close to This 
Die Configuration as Possible. 
Explosive-formed part (left) 
duplicates the original except 
for material thickness. 


0.005-In. Rolled Ta Sheet 


Tantalum Explosively Clad Cladding Is a Relatively New 
Within Stainless Tube Area of Application for Explosive 
Forming. As shown here, thin 
tantalum foil has been rolled into 
an overlapping cylinder and 
bonded to the stainless steel tube 
explosively. Bonds range from 
mechanical to metallurgical in 
nature depending on materials 
and techniques employed. 
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Many Times Explosive Forming Techniques 
Can Be Used to Produce Assemblies or Sub- 
assemblies by Forming a Number of Indi- 
vidual Details at the Same Time. This part, 
a water shield for a missile component, is a 
good example of a large detailed part pro- 
duced rapidly in a one-shot forming opera- 
tion. It is made of Type 321 stainless steel, 
0.063 in. thick. 


Often Explosive Forming Can Show Eco- 
nomic Advantage Over Conventional Tech- 
niques in Making Large Parts or Parts in 
Limited Numbers. In such instances, the 
single die required for explosive forming 


This 5-Ft. Diameter Hemisphere Illustrates 
the Potential of Explosive Forming in Fabri- 
cating Large Tank Components. The part 
shown contains welded sections which result 
in uniform wall thickness except at the welds. 
Very large parts must be made from welded 
blanks; a welded truncated cone requires 


gives the process a cost advantage over the 
male and female dies usually required. Sav- 
ings vary, but as a general rule, explosive 
forming is more economical for producing 
up to 60 parts such as the structural panel 
shown here, made of 0.050-in. Ph 15-7 Mo 
fully heat treated and aged after forming. 


only about 6% stretch during forming rather 
than a 50% stretch experienced by flat blanks. 


These Heat Exchanger Tubes Must Present a Very 
Large Cooling Surface Within a Small Diameter. Each 
of the explosive-formed tubes (Type 347 stainless steel ) 
contain internal and external longitudinal finning except 
at the ends which are smooth (for sealing). The steel is 
0.015 in. thick. e 
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High-Energy 


Forming 


Ryan's Experience 
in Explosive Forming 


Experience at Ryan Aerospace has demonstrated that explosive forming 
can simplify fabrication of complex shapes and produce 


By FLOYD A. COX* 


close-tolerance parts. Here are some examples of what can be done 
with the new technique which will point out its potential 


Meany vevecopment procrams have been 
conducted to evaluate explosive forming, and 
the results have provided data which permit 
design engineers to consider it as a useful 
production process. At Ryan Aeronautical Co., 
for example, we have produced 47 different 
types of shapes or configurations in numbers 
ranging from 25 to as high as 1000 parts. In 
both production and development, a total of 
250 configurations have been formed. 


Why Use Explosive Forming? 


The success of explosive forming stems from 
these principle advantages: 

* The size of explosively formed parts is 
not restricted by present facilities and equip- 
ment, but by other factors such as the size of 
dies and available sheet and the ability to 
handle the die and the material. 

* Sufficient pressure and capacity for form- 
ing the strongest of our new superalloys is 
available through explosive forming. 

* Explosive forming utilizes speeds up to 
hundreds of feet per second compared to con- 
ventional machines which form metals at speeds 
up to 5 ft. per sec. The use of high and low- 
pressure explosives can be varied to regulate 
the forming speed. 
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to design engineers dealing with tough forming problems. (G-general, NM-K34) 


* Parts have been consistently produced to 
within 0.001 to 0.002 in. of the die because 
there is no spring back. Of the hundreds of 
dies made for this technique, not one has been 
machined to allow for spring back. 

* On most explosive-formed configurations, 
thinning is no problem. When forming is 
severe, it can usually be accomplished by a 
combination of explosive forming and chemical 
milling. 


Where to Use Explosive Forming 


Parts shown in the photographs on the next 
page illustrate the results of some of our work 
with explosive forming and demonstrate its use- 
fulness. Generally we feel that design engi- 
neers will find this new technique particularly 
valuable for forming unusual bulges and shapes 
not readily formed by other means, for combin- 
ing several parts into one piece, where a com- 
bination of explosive forming and heat treating 
would be required to get the desired yield 
strengths, and in making parts which would be 
impossible and impractical to form with a die 


and punch. 6 


*Manager, Mfg. Research & Development, Ryan 
Aerospace, Div. of Ryan Aeronautical Co., San 
Diego, Calif. 
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Aluminum Reflector (24-In. Diameter) Be- 
fore Final Trimming. Fabrication of the 
part combined explosive forming and chem- 
ical milling (note relief pattern on the back 
@ surface). Parts of this configuration require 
extremely close tolerances and unmarred sur- 
face finishes. Chemical milling, of course, 
lightens the part; it was done after forming. 
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Bell-Shaped Sump of “K” Monel (0.040 
In. Thick) for a Missile. The large di- 
ameter is 30 in., the small diameter is 5 
in., and over-all height is 30 in. This part 
was originally fabricated from three pieces 
which were pressed, trimmed, welded to- 
gether, and then sized. The final explo- 
sive-formed part was made from a rolled 
and welded cone and formed to the con- 
figuration as shown. 


Engine Baffle Made of Hastelloy X, 0.093 In. Thick Explosive For. ming 

and About 5 Ft. Square. It was designed specifically 

for explosive forming and is produced in one piece Produced These Parts 
to the size and contour tolerance required on the final 


assembly. The finished part was controlled within 
0.006 in. of the desired contour. 


View of the Back of an Aluminum Re- 
flector Made by Explosive Forming. 
To add strength to the final assembly, 
the basic reflector is made with a 
front and back detail. The back, as 
shown, is fabricated with beads and 
mounting pads, and the front piece is 
made to the exact reflecting or radar 
quality required. After being formed, 
both pieces are joined either by bond- 
ing or spot welding. 
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Tailpipe of a Jet Engine Used to Power 
a Small Drone. Formerly made of three 
pieces welded together to obtain the el- 
bow shape, it was redesigned as a one- 
piece rolled and welded cone which was 
then explosive formed to the shape 
shown (36 in. long, 10 in. diam.). Di- 
mensional tolerance of the finished explo- 
sive-formed part in the bend area was 
held within 0.008 in. which was one 
third that of the original welded part. 


Outer Shroud of a Missile Component (Left) of 
Type 321 Stainless Steel 0.030 In. Thick. Shaped 
by explosive forming, it has 128 indentations formed 
into its surface. This part is about 11 in. in diameter 
at the large end, 6 in. in diameter at the small end, 
and 20 in. in length. It fits over a missile case fabri- 
cated from René 41 (right). The original design 
ee called for 128 separate spacers which were brazed 
between these two parts. By specifying explosive 
forming, the design engineer was able to reduce the 
assembly to a combination of two rather than 130 
pieces. 


Jet Engine Shroud Made of A- 
286 and Formed Within 0.005 
In. on Contour and Within 
0.008 In. on Diameter by Ex- 
plosive Forming. The part is 
0.063 in. thick and about 20 in. @ 
in diameter and is made as a 
one-piece welded cylinder. It 
was formerly made in two pieces 
and riveted around the top. 


Inner Part of a Nose Cone for a 
Jet Engine. Measuring about 12 
in. in diameter and 7 in. in depth, 
it was originally designed as an as- 
sembly of five parts (left). A con- 

@ figuration of this type can readily 
be made in one piece, as shown on 
the right, by explosive forming. 
The material is 0.030-in. thick 6061 
aluminum and is formed in the an- 
nealed condition. 
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High-Energy 
Forming 


Steel Parts Formed 
on High-Energy-Rate Machine 


By RALPH G. MONSEES* 


High pressures applied at great speeds permit parts to be extruded 

or forged in one stroke to close tolerances and smoeth surfaces. 

These characteristics open areas of application of high-energy machines 
to conventional metals such as resulfurized steels 

as well as those which are difficult to form. (G-general, F22; ST) 


Capasitrries FoR MAKING PARTS in a high- 
energy machine extend to conventional metals 
as well as many of the so-called exotic mate- 
rials. Being able to form a part in one dynamic 
stroke and then put it to immediate use with 
little or no machining has obvious advantages. 
Several examples of potential savings of this 
kind have been revealed in recent research and 
development work at the advanced products 
department of General Dynamics Corp. 


Reduces Machining Costs 


One of these involves the automobile part 
shown in Fig. 1. Fabricated from a billet of 
C 1146 resulfurized steel, it is ordinarily made 
as a rough forging, then machined to size. No 
standard forging technique has achieved the 
critical close tolerances required in the spline 
area. This part, however, has been forged in 
one stroke on a Dynapak machine (Fig. 2) to 
exact tolerance. 

To forge it on the high-energy machine, the 
billet (2.35 in. diameter by 1.94 in.) was heated 


*Manager, Advanced Products Dept., General 
Dynamics Corp., San Diego, Calif. 
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to 1950° F.; mold temperature at the start of 
forging was 400° F. Traveling through a stroke 
of 8% in. and accelerated by a 900-psi. firing 
pressure, the ram exerted about 200 tons of 
forging pressure. Only the bearing surfaces 
required subsequent machining. 


Accurate Gun Bolts Cold Formed 


Another example of the potential for high- 
energy machines stems from a feasibility study 
conducted to find a more economical way of 
producing a gun bolt which required accuracy 
and a good surface finish. Using high-energy- 
rate forming, 100 parts of C 1118 steel (Fig. 3) 
were made, each within +0.001 in. of the de- 
sired dimension in all directions and with a 
smoother finish than 63 rms. Lack of die wear 
indicated that a long run could be made from 
the same dies without any loss in accuracy. 

To cold form the steel in one stroke, much 
consideration was given to the lubricant. In 
this instance, a commercial lubricant proved 
adequate and no trace of galling or die damage 
was evident. Billets were formed at room tem- 
perature and the die was kept under 400° F. & 
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Fig. 1 — Automobile Part 
of C1146 Resulfurized 
Steel Was Forged in One 
Stroke in a High-Energy 
Machine. As-forged dimen- 
sions were accurate enough 
to eliminate the need for all 
machining except on bear- 
ing surfaces. shaft 
stands almost 4 in. high 


within +0.001 
in. and a surface finish 
better than 63° rms. 
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Fig. 3—Gun Bolt Slide 
Was Made in High-Energy 
Machine by Cold Form- 
ing. Part is C 1118 steel 
extruded from a 1%4-in. 
diameter by 2%4-in. billet 
(left). In as-forged condi- 
tion it has a dimensional 


Fig. 2—Vertical High-En- 
ergy Machine Built by Ad- 
vanced Products Div. of Gen- 
eral Dynamics Was Originally 
Designed for Forming Hard- 
to-Work Metals. Its ability to 
form parts which need little 
or no subsequent process- 
ing has extended its useful- 
ness to conventional metals 
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High-Energy 


Forming 


Explosive Forming 


With Combustible Gas Mixtures 


By JOHN MILLER and PHILIP KRUSE* 


Working with mixtures of hydrogen, oxygen and an inert gas, 

Boeing engineers are experimenting with a forming method which possesses 
the advantages of conventional explosive forming but eliminates 

some of its limitations. Forming pressures can be controlled more accurately 
and the combustible gas is, in effect, an ideally shaped charge 

since it is always in contact with the workpiece. (G-general, NM-k34) 


Ix FORMING WITH EXPLOSIVE GAS MIXTURES, 
the detonating type of explosive charge is re- 
placed with a mixture of combustible gas and 
oxygen. The die is completely sealed, the com- 
bustible mixture is then fired, and the part is 
formed by the resulting pressure build-up. 

Work on this method of forming began at 
Boeing Airplane Co. early in 1960; it is aimed 
at overcoming some of the limitations of con- 
ventional explosive forming in which solid ex- 
plosives are used. For example, some materials 
and shapes, particularly in the thin gages, pre- 
sent a forming problem when detonating types 
of explosives are employed. Part fracture can 
occur unless forming is done with a small 
amount of explosive, or unless the explosive 
charge is moved away from the workpiece. 
Conversely, if the amount of the explosive is too 
small, it may not fire, and if the charge is too 
far away, it is difficult to obtain uniform form- 
ing pressures. A technique is required which 


*Mr. Miller is lead engineer of the explosive 
forming group and Mr. Kruse is lead engineer of 
the advanced projects group of the Boeing Co., 
Seattle, Wash. 
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provides lower forming rates and pressures that 
can be better controlled than high explosives; 
it must, however, retain the advantage of rapid 
forming rates. The use of combustible gas mix- 
tures appears to be a solution to the problem 
because the forming rates which result are still 
high compared to those encountered in conven- 
tional forming but are less than those produced 
by detonating explosives. 


Advantages of Explosive Gases 


Combustible gas mixtures have several ap- 
parent advantages. For one thing, the gas fills 
the cavity and provides intimate contact with 
the workpiece. This is an ideal shape for a 
charge. The die chamber can be quickly re- 
charged and fired. In addition to slower burn- 
ing rates than obtained from detonating-type 
explosives, gas mixtures give more uniform 
forming pressures. The pressure peak is sus- 
tained longer and a much wider range of pres- 
sure control is feasible. Gas volume, the mix- 
ture ratio, and the initial pressure can be easily 
controlled, and the combination of Boyle’s and 
Gay-Lussac’s or Charles’ law (PV/T = P’V’/T’) 
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provides a simple theoretical means for relating 
the important factors. In the system we have 
chosen for development, the gas volume, the 
initial pressure and ratio of gases can be varied. 
A mixture of hydrogen, oxygen and an inert 
gas serves as the explosive. In this combina- 
tion the products of combustion are the simplest 
— water and excess gases. 


Experiments at Boeing 


At Boeing, combustible gas mixtures have 
been employed for both sizing and forming 
operations. Charge volumes ranging from %4 
to 70 cu.ft. and starting pressures from 1 atmos- 
phere to 14 atmospheres have been used. Ini- 
tially, the effects of mixture ratio and pressures 
were investigated by free forming 10-in. diam- 
eter domes in a standard die. Later, dies pre- 
viously used for high-explosive forming by the 
submerged process were adapted for use with 
combustible gas mixtures. Figure 1 and 2 show 
the important details of the equipment. Mate- 
rials ranging from soft aluminum (Fig. 3) to 
high-strength alloys (Fig. 4) have been success- 
fully formed. 


Fig. 2—Details of Die 
Shown Here are Similar 
to Those Presented in Fig. 
1. Combustion area is 
smaller because this die is 
used for forming domes 
rather than _ cylindrical 
shapes. Size of equipment 
and the fine process con- 
trol which can be exercised 
may mean that the form- 
ing operations can be per- 
formed safely in the plant 
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Fig. 1 — Cross Section of Typical Die for 
Forming With Combustible Gas Mixtures. 
Use of gaseous rather than solid explosive 
gives better control of forming pressure 


Pressure Gage for 
Measuring Mixture Ratio 


Oxygen Line 
and Check Valve 


Inert-Gas 
Purge Line 


Igniter 
Leads 


Unformed Blank 


Pressure and 
Vacuum Seals 
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Fig. 3 — Shape of This Part 
of 0.063-In. Thick 3003-0 
Aluminum Is Suitable for 
Forming by Gas Mixtures 


Hydrogen-Rich Mixtures Used 


In our present procedure we place the work- 
piece in the die and draw a vacuum between 
them. The volume to be occupied by the charge 
is then purged with an inert gas before intro- 
ducing hydrogen and oxygen. Although many 
mixture ratios are being presently tested, they 
“Sis. have been consistently hydrogen-rich to mini- 

mize oxidation. In some instances, an inert gas 

has been mixed with the hydrogen and oxygen 
{ to dampen the charge and further refine our 
; control of pressure. Two methods are currently 
being used to fire the charge — an electric spark 
or a glow plug. It now appears feasible that 
forming operations can be moved indoors and 
performed above ground. This compares with 
forming with high explosives which must be 
done at remote areas in a water pit. S$ 


Fig. 4 — Cylindrical Shape of Hastelloy N-155 (0.050 
Ye In. thick) Was Formed to Within +0.005 In. Using 
: Exploding Gas Mixtures as The Forming Medium 
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Only 3% Hr. in the Fur- 
nace Sufficed to Heat This 
Load of Die Blocks 
(Weighing 23,832 Lb.) to 
1575°F. for Quenching. 
Time required by conven- 
tional methods usually is a 
minimum period of 20 hr. 


Computer Helps Speed Heat Cycles 


By C. L. FENG* 


An analog simulator, termed “Thermolog”, has proved useful 

in obtaining hard-to-get information necessary for designing and 
evaluating thermal systems. Specialized heat problems 

can be solved in a few hours after set up of 

the simulator circuitry. (J2, 18-74, W23k, W24n) 


Because tHe HEATING of die blocks and 
other heavy sections of similar nature has long 
been considered such a time-consuming opera- 
tion, much attention has been directed at devis- 
ing procedures for heating them more rapidly. 
One new tool which is proving useful for pre- 
dicting the effects of rapid heating is the 
“Thermolog”, an analog computer, shown in 
Fig. 1. Designed and used by our engineers to 
solve heating problems, this unit can be set up 
so that electrical parameters act as stand-ins 
for analogous thermal entities in an electrical 
“model” of the object under examination. In it, 
network circuitry duplicates electrically the 
variations in thermal conditions of the object as 
it is subjected to changes in temperature and 


_*Manager, Physics and Mathematics Dept., Re- 
search Div., Selas Corp. of America, Dresher, Pa. 
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time. As an added feature, “time” can be stop- 
ped during a simulation; this allows simultane- 
ous readings to be made at as many points in 
the “heated” object as desired, within the capac- 
ity of the simulator. Changes in conditions 
within the thermal equation can also be applied, 
and “heating” can then be resumed until it is 
desirable to stop time again for further read- 
ings. Thermal responses that would actually 
take place in a heated object are matched in 
the network with electrical parallels as follows: 


THERMAL RESPONSE ELECTRICAL ANALOG 


Temperature Voltage 
Heat flow Current 
Thermal conductivity, Resistance 


or surface heat trans- 
fer coefficient 
Heat capacity Capacitance 
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Fig. 1 — Through the “Thermolog”, an Ana- 
log Simulator, Engineers Can Foretell the 
Results of Heat Processing Problems. In this 
unit, electrical quantities, such as voltage 
and current, substitute for thermal quanti- 
ties, such as temperature and heat flow 


Applying the Simulator 


A die-block heating cycle, conventionally 20 
to 30 hr., has been considered critical because 
steel die blocks have been regarded as inher- 
ently crack-sensitive. However, investigations 
with the aid of this computer showed that heat- 
ing cycles for die blocks could be reduced to 3 
to 4 hr. This has been verified by plant ex- 


perience. Obviously, the faster heating rates 
associated with these shorter cycles result in 
considerable savings in fuel. 

To begin this study, we first constructed an 
electrical model of a representative die block 
36 by 22 by 22 in., adjusting the circuitry so 
that the “block” would be “heated” from 1200 
to 1575° F. at the center. Temperature at its 
surface was not to exceed 1650° F. at any time. 
In this particular furnace, which was designed 
to be loaded at one end and unloaded (into a 
quench) at the other, radiant burners, located 
close to the work and spaced at strategic points 
in the furnace walls, beam heat at high thermal 
gradients directly upon the work. Thus, heat 
transfer from the wall is minimized. (However, 
it is a factor to be considered at the beginning 
of the cycle utilizing a hot furnace.) 

We first investigated the cooling of the re- 
fractory walls (of the furnace) that occurs when 
the furnace charge door is opened for loading, 
or the discharge door is opened for unloading 
into the quench. Assuming loading or unloading 
time to be 1 min. and the furnace wall to be at 
approximately 1685° F. before the door opened, 
we found that the temperature of the refractory 
dropped to 1425, 1530 and 1540° F. at depths 
of 0.45, 0.90, 1.35 in., according to the simulator. 
These effects are illustrated by Fig. 2, which 
also shows the heat recovery after the door is 
closed. The entire wall attained a steady gra- 
dient within an hour. 

Phase two of the simulation treated the in- 
ternal and surface temperatures of the die block 
during heating. For the calculation, the block 


2100) 
1—Inside Surfoce of Furnace | 
——— —2-—0.45 In. From Inside Surface | | 
u: 1900 { ————3—0.90 In. From Inside Surface +— 
¢ 4—1.35 In. Frora Inside Surface 
o — -— 5—1.8 In. From Inside Surface 
> | 
5 1700 Fig. 2— Furnace Wall Tem- 
1685° F. Surface Tempera- 
1500 | ture (Before Opening Door). 
When the door is opened 
for 1 min., the temperature 
drops. However, recovery 
1300 = ta is rapid when the door is 
0 30 60 90 120 150 180 195 closed. These curves were 
Vike. Mix. developed by the simulator 
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Fig. 3— For the Simulator Study, the 
Die Block Was Divided Electronically 
Into Elemental Blocks. Heating curves 
were then developed for each block 


was divided into sections as shown in Fig. 3. 
As one would expect, the simulator showed 
that the corner block, No. 1, having three faces 
exposed to furnace heat, required the shortest 
time to heat to 1575°F. Next in length of 
time required for heat up came the sections 
exposed on two sides, namely, blocks No. 2, 3, 
5, and 9. Curves for those blocks which pre- 
sented only one face to the direct heating (No. 
4, 6, 7, 10, 11) showed that their heating rates 
were slower than those for blocks with two or 
more faces exposed. Inside blocks, No. 8 and 
12, which must be heated by conduction, re- 
quired the longest heating time. Block No. 12, 
representing the innermost portion, reached 
a temperature of 1575°F. from 1200°F. in 


195 min. 


The third study phase determined the heat 
input to the furnace and the work, and indi- 
cated useful heat for the cycle duration. To 
insure a practical turndown ratio (ratio of 
maximum-to-minimum Btu. input within which 
the burner, or burners, will operate properly), 
the maximum input selected was ten times the 
minimum Btu. The Btu. input curve, which is 
shown in Fig. 4, indicates that the maximum 
input of 1.08 x 10° Btu. was applied for only 2 
or 3 min., dropping sharply to a fraction of this 
amount in 15 min. 


Using the Computer’s Findings 


Plant experience verified the findings by 
showing that the heating cycle for hardening 
die blocks could be lowered from 30 hr. to 3 
or 4 hr. In fact, one die-block manufacturer 
has successfully reduced heating cycles on loads 
up to 20 tons by loading the die blocks into the 
furnace at room temperature, lighting the fur- 
nace, and immediately heating at the highest 
possible rate (Fig. 5) to the desired tempera- 
ture for quenching. In this operation, the maxi- 
mum charge, which can be made up of blocks 
of several sizes, measures up to 20 by 3 by 2 ft. 
The blocks are heated between the two furnace 
walls by gas burners which are spaced to pro- 
duce an even distribution of heat to all the 
pieces in the load. 


Other Areas of Application 


Simulation of fast heating by analog has 
been found accurate in other interesting appli- 
cations, one of which is in the heating of steel 
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36 In. 
Time, Min. 


rolls for hardening. The forged roll in this sim- 

ulation is 14 in. in diameter, 32 in. in length, 
and has an internal bore 2% in. in diameter. 
Estimated weight is 2240 lb. In heat treating 
this roll, it is necessary to heat the entire roll 
face and cross section to about 1550° F., care- 
fully controlling the temperature so that heat- 
ing will be uniform throughout. Conventional 
practice would require several stages of heating 
over a period totaling 18 hr. When analog 
simulation indicated that it would be possible to 
reduce this cycle to one tenth of this time, this 
was tried. 

Heating curves for an experimental roll under 
actual heating conditions are given in Fig. 6. 
It is interesting to note that the roll surface at- 
tained the desired temperature of 1550° F. in 
20 min. and was held at this point. The internal 
bore temperature reached 1250° F. in 38 min., 
and the desired temperature distribution 


Fig. 5— Heat Input and 
Work-Load Tempera- 
tures During 3% Hr. Heat- 
and-Soak Cycle for Die 
Blocks Shown on p. 79 


Temperature, 


throughout the roll (1550° F. outside, 1520° F. 
in the bore) was reached in only 95 min. — in 
contrast to the 20 hr. required by conventional 
practice. 

Current simulation studies in heating large 
rolls (up to 54 in. diameter) and other parts of 
similar size indicate that drastic reductions in 
cycle times will often be possible. At this time, 
data for actual heating of large rolls are in- 
complete; however, indications are that con- 
ventional practice of heating over a long period 
such as 60 hr. may be replaced by cycles as 
short as 8 hr. This computer has also been 
successful in problems such as determining the 
time needed to melt aluminum pigs in a molten 
bath of aluminum, calculating the heat input 
curve for a rocket nozzle, and ascertaining the 
heat losses and cooling times for glass bottles. 
In the future, this device will undoubtedly be 
used for many other applications. Se 
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Factors to Consider in Selecting 
Ultrasonic Testing Equipment 


By R. A. SEIDEL* 


In choosing an ultrasonic instrument for flaw detection, 

an engineer must know the type of service it is to perform. Ruggedness, 
degree of accuracy needed, ambient illumination conditions, 

instrument stability, dependability, simplicity of operation, size, 

weight, and portability are all important factors to consider. (S13g, 1-53) 


Tuevcu THERE ARE SEVERAL different 
types of ultrasonic flaw-detection methods ( res- 
onance techniques, continuous-wave tests, fre- 
quency-modulation systems, and _pulse-echo 
techniques), this discussion is limited to the 
most frequently used —the pulse-echo tech- 
nique. Instruments employing this system are 
used chiefly for detecting flaws in metal parts 
and structures, although they are also applied 
to determining dimensions of hard-to-measure 
parts such as large, complex forgings. 

Before discussing the criteria for instrument 
selection, it would be well to describe the op- 


Laboratory Technician Applies Finish- 
ing Touches to the Flat-Bottomed Tar- 
get Hole in One of a Set of Aluminum 
Reference Blocks for Ultrasonic Testing 


eration of the various circuits of an instrument 
employing the pulse-echo system. Figure 1 
shows a block diagram of a typical pulse-echo 
flaw detector. The power supply, which fur- 
nishes the various voltages needed to operate 
the different circuits, is fed by commercial 
alternating current — usually a 115-v., 60-cycles 
per sec. source. This section consists of high 
and low-voltage circuits — the high voltage sup- 
plies plate and deflection voltages, while the low 


*Ferrous Application Group, Materials Engineer- 
ing Dept., Westinghouse Electric Corp., East Pitts- 
burgh, Pa. 
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voltage supplies filament power to the tubes. 
The synchronizer, or “clock” as it is sometimes 
called, acts to coordinate the instrument timing 
to produce a specific sequence of operations in 
the rest of the circuits. It furnishes starting 
signals to the pulser, horizontal sweep, and 
marker generator. The pulse generator is the 
source of the short, high-frequency, repetitive 
electrical pulses that are sent to the search 
units and amplifier circuits, and the search unit 
serves as a transducer or energy converter. 
When the latter receives electrical pulses sent 
out by the pulse generator, it transforms them 
(through piezoelectric action) into mechanical 
vibrations of ultrasonic frequencies which then 
enter the material being tested. Some of these 
vibrations are reflected back to the transducer, 
which then acts in a reverse manner, converting 
the mechanical vibrations to electrical pulses. 
These electrical signals then go to the echo am- 
plifier, a very powerful unit, which amplifies the 
signals of both the outgoing pulses from the 
pulse generator and the incoming pulses from 
the search unit. 

To produce the cathode-ray picture, the pulse 
signals leaving the amplifier are applied to the 
vertical deflection plates of the cathode-ray 
tube. These signals cause the beam to trace 
out vertical indications representing the ampli- 
tude of received signals. In the meantime, the 
beam, energized by the sweep generator, 
sweeps horizontally along a time base (sweep 
line) which represents test depth. The marker 
generator applies a series of symmetrical wave- 
forms to the vertical deflection plates of the 
cathode-ray tube. These are used as a measur- 
ing scale to determine the distance between 
transmitted and reflected indications on the 
viewing screen. 


Criteria for Selecting Instrumentation 


In general, several features must be consid- 
ered in any instrument for pulse-echo ultrasonic 
testing. These are as follows: 

1. Ruggedness — Many tests are performed 
in areas in which equipment may be subjected 
to considerable abuse or may be roughly 
handled in transport from one job to another. 

2. Degree of accuracy — Accuracy require- 
ments depend upon whether measurements may 
be qualitative (set up on a “go-no go” basis), or 
must be quantitative (where exact signal ampli- 
tudes must be measured). Different types of 
sonic test equipment offer varying degrees of 
accuracy, resulting from differences in circuit 
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design and variations in the quality and type of 
presentation. 

3. Ambient illumination conditions — The 
type of lighting conditions under which the in- 
strument is to be used must be considered. 
Some instruments have much brighter or high- 
contrast presentations, and consequently pro- 
vide better images for viewing than others. 

4. Instrument stability and dependability — 
Certain types of instruments are more reliable 
than others from the standpoint of changes in 
operating characteristics. One important con- 
sideration is the amount and type of mainte- 
nance required to keep an instrument in good 
operating condition, as well as the field service 
provided by the factory for repair work. 

5. Simplicity of operation — Certain applica- 
tions require the use of a relatively uncompli- 
cated instrument equipped with a minimum 
number of controls and adjustments for rela- 
tively unskilled operators. 

6. Size, weight, and portability — Ease of 
handling is important where an instrument 
may be used in various operations or localities. 

Some of these factors are relatively easy to 
evaluate or estimate by discussion with vendors; 
others require experience based on usage. The 
following considerations are based on both 
sources of information. 


Cathode-Ray Beam Intensity and Focus 


Though it should be evident that dim or fuzzy 
signal traces are undesirable, their detrimental 
effect cannot be overemphasized. When oper- 
ating properly, all instruments should have a 
sharp and clear presentation. Unfortunately, 
some images have relatively poor contrast and 
brightness. This can be an exceedingly trving 
problem, especially when testing must be per- 
formed in brightly lighted areas. 

Units are now coming out with special con- 
trols for improving the brightness and contrast 
which makes possible not only increased bril- 
liance but faster scanning speeds in automatic 
tests. It might be added that any instrument 
that is intended for more than one application 
should be equipped with external intensity and 
focus controls. Thus, the operator is given 
maximum latitude in his selection of trace char- 
acteristics. It has been found that much op- 
erator fatigue and resulting test inaccuracies 
can be reduced or eliminated by giving proper 
consideration to this instrument characteristic. 

Such features as illuminated screen grids 
often greatly enhance the versatility of instru- 
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Fig. 1—Block Diagram of Ultrasonic 
Flaw-Detection Instrument Employing 
the Pulse-Echo Technique. Operation of 
each component is described in the text 


mentation, especially when oscillograms or pho- 
tographic records are needed. Photographs of 
screen displays on such instruments provide a 
permanent calibration scale from which signal 
amplitudes can be measured directly from the 
picture. Further, such grids help to reduce 
viewing fatigue. 


Portability — an Important Factor 


Electronic instruments which are highly ac- 
curate, extremely rugged and reliable, and easy 
to service because of adequate component spac- 
ing are usually complex and somewhat cumber- 
some. Such is certainly the situation with 
ultrasonic test instrumentation. One typical 
unit, for example, has a copper-clad case of 
heavy steel. Though extremely rugged, this 
instrument weighs almost 100 Ib.; it certainly 
cannot be considered a portable instrument suit- 
able for one man to carry around the shop. 
However, experience has shown that this unit 
can withstand the brutal mistreatment to which 
delicate equipment is sometimes subjected dur- 
ing commercial transit or in regular use in shop 


areas. 
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Fig. 2— RF and Video Signal Traces. The RF 
trace, shown at top, is symmetrical about the 
X-axis; it provides good resolution. The video 
presentation, though it appears clearer than the 
other, is considered to provide less definition 


Another ultrasonic unit which does essen- 
tially the same job is quite small, uses tran- 
sistorized circuitry, and is extremely compact. 
Since it weighs less than 40 Ib., it can be read- 
ily carried by one man with a minimum amount 
of effort. With reasonable care, it might even 
be carried aboard an airplane as part of the 
luggage. However, since its cabinet is rela- 
tively thin and fragile, it cannot be considered a 
rugged piece of ultrasonic equipment. 

Other examples of variations between in- 
dividual pulse-echo units could be cited, but 
there would be little point to it. In general, 
it may be said that the heavier an ultrasonic unit 
is, the more versatile (from the standpoint of 
additional adjustments) and substantial it is. 
Of course, portability is sacrificed. Such in- 
struments are usually best suited for laboratory 
or semipermanent installations. 


Two Types of Signals 


If one were to view indications on cathode- 
ray screens of various instruments simultane- 
ously and side by side, perhaps the most 
striking difference would be in the type of trace 
presented on each screen. The most commonly 
used presentations are the so-called video and 
RF traces. As Fig. 2 shows, they are quite 
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different. The RF presentation, for example, 
exhibits signals both above and below the 
sweep line. This type of presentation provides 
maximum resolution for locating defects close 
to the surface or for separating signals follow- 
ing closely upon one another. 

Since this presentation is symmetrical about 
the X-axis, it might be argued that almost half 
the cathode-ray tube screen area is wasted be- 
cause the information presented below the line 
is a mirror image of what is above. Thus, the 
maximum viewing area is not fully used, and 
what is known as the total dynamic range of an 
instrument may not be completely realized. 

Figure 2, bottom, shows a typical video pres- 
entation. It should be pointed out that this 
type, though cleaner and less-cluttered in ap- 
pearance than the other, inherently provides far 
less signal resolution because of its broader 
pulse characteristics. It is, in fact, merely an 
RF presentation with the bottom half elec- 
tronically clipped off, and presented such that 
only the outline of the original pulses, added on 
to the top half, is shown. Thus, larger signals 
are indicated, but flaw definition is more lim- 
ited. In spite of this, the video trace seems to 
be gaining in popularity because it appears 
much easier to read. 


Range Markers 


To provide a means of measuring the depth 
of a flaw indication, a series of symmetrically 
shaped waves is electronically superimposed on, 
or beneath, the regular sweep line of the test 
presentation. The lengths of these waves can 
be adjusted to represent inches or feet of the 
material being tested. Figure 3 shows three of 
the most commonly used types of markers in 
ultrasonic instrumentation today. The square- 
wave markers shown at the top are easy to dis- 
tinguish from the spike-like echo signals. They 
generally provide the most precise means of 
measuring flaw depth. Figure 3, center, shows 
pyramidal markers. This shape has been shown 
to be especially useful in an angle-beam test 
where the sonic energy is sent into a piece at a 
45° angle, bouncing back and forth between 
the walls (of a pipe, for example) as it travels 
on through the part under test. These markers 
are designed to simulate the actual path of the 
search beam passing through the piece, thus 
making it easier to determine flaw depth with 
respect to the outside diameter and inside di- 
ameter (or top and bottom surfaces) of the test 
piece. Figure 3, bottom, illustrates a third type 
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Fig. 3— Types of Marker Systems. Symmetrical 
wave forms are superimposed on the screen in 
such a manner that the operator can measure 
depth of an indication. The diagonal wave 
form is particularly useful in angle-beam tests 


of marker wave. Instead of having equal posi- 
tive and negative values, as do the other two 
styles, it is simply a compressed negative wave 
— the result is a type of sharp spike which re- 
sembles the graduations on a rule. Used with 
the video presentation, these markers are easily 
distinguished from echo signals since they de- 
flect in opposite directions. 


Various Screen Sizes 


Most instruments employ a 5-in. cathode-ray 
tube, though there are exceptions. One new 
unit, for example, has a 12-in. tube; others have 
had 7-in. and 3-in. tubes. It might seem that 
the larger the screen the better the presenta- 
tion. However, just as in television, large tubes 
usually are undesirable for close viewing. 
Moreover, they generally result in more expen- 
sive and bulkier equipment. There is usually 
no need for providing a signal larger than that 
which can be presented by a 5-in. tube, except 
in some automated techniques where the scan- 
ning transducer must be positioned some dis- 
tance from the viewing screen of the test 
instrument. In addition, it might be kept in 
mind that larger screens do not necessarily pro- 
vide any more picture information. In fact, 
their presentations may have much lower con- 
trast and definition than those produced in 
smaller tubes. 


Operational Characteristics 


One of the most important factors to con- 
sider in choosing pulse-echo equipment is the 
limit of vertical linearity of the instrument. 
Since the amplitude of the displayed signal is, 
in general, directly proportional to the reflecting 
area of the defect which causes it, accurate 
amplitude measurements are quite useful for 
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Fig. 4—Graph Illustrating Range of Vertical- 
Deflection Linearity and Dynamic Range. Up to 
Block No. 7 (Alcoa Series “A” test blocks), the am- 
plitude of the signal displayed on the screen is di- 
rectly proportional to the area of the defect. Since 
the curve begins to drop off at about 2% in., this 
particular instrument is described as having a 
vertical linearity limit of 2% in. peak-to-peak 


determining the size of the actual flaw. The 
range of vertical-deflection linearity of a test 
instrument might be most conveniently de- 
scribed as being that vertical screen limit 
(measured in inches from the sweep line) over 
which the instrument is capable of presenting 
the amplitude of indication heights in correct 
proportions equivalent to their respective re- 
ceived-signal strengths. As an example, Fig. 4 
is a typical plot of indication amplitude as a 
function of flaw area. For these particular tests, 
the flaw targets were flat-bottomed holes con- 
tained in a set of Alcoa ultrasonic reference 
standards (see photo, p. 83). This particular 
set consisted of ten aluminum blocks (instead of 
the usual eight), each 2 in. square, and 3.75 in. 
long. All of them contained a flat-bottomed 
hole drilled into the base, with hole diameters 
varying in 1/64-in. steps, from 1/64 to 10/64 in. 
diameters. 

Using a constant instrument gain setting, a 
responsive curve, based on measurements taken 
with these or similar blocks (the target areas 
of which are known), can effectively indicate the 
limit of vertical linearity of the test instrument. 

The instrument represented in Fig. 4 could 
be described as having a vertical linearity limit 
of about 234 in. peak-to-peak. Therefore, any 
defects as large or larger than those found in the 
No. 7 block (at this gain setting) would not be 
shown in their true perspective and their re- 
flecting areas would probably be miscalculated. 
Amplitude measurements on such an oscillo- 
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scope are necessarily limited to 234-in. values, 
restricting the applications of this instrument 
for quantitative, flaw-evaluating purposes. 
When choosing an instrument to be used for 
recording precise quantitative data, the engi- 
neer should particularly consider that instru- 
ment offering the highest vertical-deflection 
linearity. 


Dynamic Range 


Another important characteristic is the in- 
strument’s dynamic range, the ratio of maxi- 
mum to minimum sizes of flaw indications that 
can be adequately distinguished on a test in- 
strument screen at a constant gain setting. Ac- 
cording to tentative A.S.T.M. specifications, the 
dynamic range of an ultrasonic test instrument 
is defined in ratio form by determining the 
largest hole in a series of test blocks that will 
provide an indication amplitude at least 10% 
greater than the next smaller hole size. The 
square of that block number (which defines its 
relative reflecting area-ratio) numerically indi- 
cates the limit of the instrument's dynamic 
range. Thus, when using the Alcoa Series “A” 
blocks, a dynamic range of 64 to 1 can be 
achieved if an instrument is capable of distin- 
guishing between the amplitudes of No. 7 and 
No. 8 blocks with the No. 8 block indicating 
at least 10% larger than No. 7 on the screen 
at the gain setting which permits a No. 1 block 
also to be discernible. (For example, the dy- 
namic range of the instrument of Fig. 4 termi- 
nates at the No. 8 block—64:1.) The 
importance of this characteristic lies in the fact 
that an instrument having a very small dynamic 
range is severely limited in its ability to present 
various signals over a reasonable amplitude 
range. Consequently, frequent gain control ad- 
justments or extrapolating procedures might be 
necessary to determine whether one defect was 
larger than another. A dynamic range of about 
50 to 1 is generally considered to be adequate 
for most testing applications. 

From the foregoing, it can be seen that con- 
siderable variations in design philosophy exist 
among the manufacturers of ultrasonic testing 
equipment. Such differences affect the versatil- 
ity, durability, simplicity of operation and cost 
as well as many of the important operating 
characteristics of such equipment. Therefore, 
in choosing any instrument for a specific appli- 
cation, it may be necessary to compromise and 
select that instrument most closely suited to 
one’s individual needs. 9 
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reseARcH and man- 
agement should be aware not only of the wide- 
spread utility of radio-isotopes in nondestructive 
testing, but of the many other applications for 
nucleonics which increase efficiency and produc- 
tivity of existing operations. A wide range of radio- 
isotopes which emit four types of radiation — gam- 
ma, beta, secondary x-rays and neutrons — are now 
being produced in reactors. This variety of pen- 
etrating, nondestructive radiation provides conven- 
ience, differentiation, and response for many con- 
trol and inspection operations. 

Gamma _ Radiation Gamma-ray radiography 
—using cobalt 60, cesium 137, and iridium 192 — 
possesses special characteristics which make the 
method particularly useful for inspecting medium- 
to-thick sections of materials. Today many indus- 
tries have found they must employ radiographic 
inspection on a rather large scale; for example, 
during installation of large-diameter pipe, it is ac- 
cepted practice to radiograph every weld in pipe- 
lines hundreds of miles long. Up to 10,000 welds 
may be radiographically examined in a hull for a 
naval or merchant marine ship. The Civil Aero- 
nautics Board now requires 100% radiography on 
every wing component of commercial aircraft. 
With gamma radiography, manufacturers can as- 
sure product quality and structural integrity at a 
considerable savings over x-ray inspection. Porta- 
bility and freedom from electric power require- 
ments are added advantages. 

Gamma gaging is used in measuring thickness 
during continuous hot working of metal, and for 
controlling the density of material in process (for 
example, water content of ore slurries). Since no 
part of the gage touches the material being proc- 
essed, there is no problem of corrosion or wear. 
Gamma-ray-emitting tracers are effective in im- 
proving unit operations and investigating all as- 
pects of fluid flow, including detecting leaks, locat- 
ing obstructions, and measuring corrosion and 
erosion. 

“Intrinsic tracers”—radio-isotopes added directly 
to the process stream — can accomplish automatic 
control by providing information on internal chem- 
ical changes, mixing rates, material transfer, and 
concentration of impurities or major constituents. 


*Excerpts from a paper by Paul C. Aebersold 
and Oscar M. Bizzell, Office of Isotopes Develop- 
ment, U. S. Atomic Energy Commission, presented 
at Western States Regional Convention of the So- 
ciety for Nondestructive Testing, Los Angeles, 
March 1961. 


Nucleonics in Testing and Process Control” 


Where access to material is limited to one side 
only, gamma reflectance (Compton scattering) 
methods offer a possible solution. Such devices can 
provide continuous records of the extent of corro- 
sion along the entire length of a tube or pipe and 
can be used to measure the wall thickness of drilled 
engine blocks and other machined parts. 

Beta Radiation — Beta gages are useful in con- 
trolling continuous production lines — such as roll- 
ing of metal strip or sheet — within closer toler- 
ances to improve quality and save material. These 
automatic radio-isotope controls also permit much 
faster operation and reduce scrap loss. 

Secondary X-Rays — Low-energy (below 100,- 
000 v.) secondary x-rays are generated by the bom- 
bardment of metal targets with beta particles from 
strontium 90, krypton 85, or cesium 137. The high 
relative attenuation of this radiation provides accu- 
racy not otherwise obtainable in applications such 
as thickness gaging of thin films and radiography 
of low-density materials. The isotopic sources 
which produce these low-energy rays are econom- 
ical, portable, require less maintenance than x-ray 
machines, and need no electric power. Secondary 
x-rays may find use in quantitative, nondestructive 
determinations of heavy atoms in a light-atom 
medium — uranium atoms in a U-Al fuel element 
—or in other continuous analytic problems such 
as metal in ore flotation streams. 

Neutrons — The interaction of neutrons with 
matter is completely different from the scattering 
of x-rays and gamma rays; therefore, it offers new 
potential for inspection or industrial process con- 
trol. Neutrons interact with the nucleus of an 
atom and often show extreme discrimination in ab- 
sorption or scattering between atoms next to each 
other in the periodic table. 

Isotopic neutron sources, consisting of an alpha 
emitter such as plutonium or a gamma emitter such 
as radio-antimony mixed with beryllium, have ob- 
vious advantages of compactness but provide beams 
of only 10® to 10% neutrons per sec. 

The relatively small absorption of neutrons in 
many elements suggests the possibility of examining 
thicker sections than with x-rays or gamma rays. 
Since the absorption of neutrons by elements of 
low atomic number may be much greater than by 
heavy elements, it is possible to nondestructively 
test some objects that cannot be examined by elec- 
tromagnetic radiation. Neutrons also make pos- 
sible the radiography of assemblies comprising a 
wider range of light and heavy elements. 
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Failures in Europe in the 1920's led German metallurgists 


German Commentary 
on Turbine Failures 


By S. AMMARELLER and P. GRUEN* 


to use a low-alloy steel of good hardenability, oil quenched 
and tempered for high strength and ductility. Recently, vacuum pouring 


Five serious ramures of rotors in large 
electrical generators occurred in America in the 
early 1950's, and extensive studies of their 
causes have been published. Notably, a sum- 
mary of the information so collected up to the 
end of 1955 was printed in Metal Progress for 
February 1956, and a later recapitulation of 
the intensive work done by the General Electric 
Co. in Schenectady was printed in this maga- 
zine in August and September 1959. It is 
natural to reflect seriously as to why similar 
troubles have not arisen in Europe, and whether 
differences in the manufacture of rotors, in 
the selection of materials, and in operating con- 
ditions may be responsible. 

Actually, four generator shafts broke apart 
in Germany during the 1920 decade (three of 
them in the centrifuge testing pit) but after 
that no more damaging accidents to large rotors 
of German manufacture have occurred. It will 
be acknowledged immediately that the operat- 
ing conditions in Europe are more favorable. 
With us the customary power frequency of 50 
cycles per sec., with the same rotor dimen- 
sions, causes less stress. The maximum tangen- 
tial stress at 3000 rpm. amounts to only 69% of 
the value existing at 3600 rpm., other condi- 
tions being equal. 

Investigation of the German failures men- 
tioned above showed that the troubles were 
partly due to flakes, but also partly to high 
residual stresses resulting from too rapid cool- 
ing during heat treatment. As a result of the 
developmental work thereupon undertaken, the 
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has eliminated danger of flaking. (Q26, Q25, J26; AY, 4-51) 


28 Ni-Cr-Mo-V 74 steel, which is still customar- 
ily used today, was adopted in 1928 for gener- 
ator shafts and low-pressure turbine rotors. 
This steel has the following typical analysis: 
0.30% C, 15% Cr, 2.0% Ni, 0.40% Mo and 
0.10% V. It has good hardenability with no 
tendency toward temper brittleness, and can 
be drawn at a fairly high temperature. To be 
sure that only flake-free rotors are installed, 
rough forgings have been bored axially and 
the surface of the bore rigidly examined. 
Furthermore, core drills have extracted radial 

*Director and Head of Quality Control, respec- 
tively, Bochumer Verein fiir Gusstahlfabrikation, 
Bochum, Germany. 


Fig. 1 — Location of Hollow Drill Samples 
Taken From Large Generator Forgings — (a) 
Radial or (b) Transverse — at Fifth-Length 
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Fully Bladed Turbine Rotor, Weighing 21 Tons, Has the 
Precision of a Fine Watch. (Courtesy General Electric Co.) 


samples as indicated at (a) or (b) in Fig. 1; this 
practice was introduced in 1927. 

In the beginning these measures resulted in 
a larger number of scrapped rotor bodies be- 
cause internal defects were discovered. They 
also led to exhaustive investigations of the 
causes of flake formation, and heat treatments 
designed to prevent this defect. In this con- 
nection we must remember the trail-blazing 
work at Krupp’s, expecially by the late E. 
Houdremont and his collaborators, in which 
the combined action of stresses and a super- 
saturated solution of hydrogen was recognized 
as the cause of hairline cracks or flakes. 

The protracted heat treatments required to 
prevent such defects, and the risk that danger- 
ous forgings would still be passed even with 
the increased experience of the steel manu- 
facturers, led to the development of Bochumer 
Verein’s vacuum casting process in 1950, which 
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reduced the hydrogen in the ingot to such a 
low amount that we can now be absolutely cer- 
tain that no flakes will form. This greatly 
shortened the necessary time for heat treat- 
ment, since the long diffusion anneal for hydro- 
gen could be safely eliminated. Since 1951 all 
heavy ingots for highly stressed forgings made 
at the Bochumer Verein have been cast in 
vacuum —a_ practice also followed today by 
leading manufacturers of heavy forgings. It 
does not seem necessary to go further into the 
advantages obtained by vacuum casting, since 
they have been confirmed by the results already 
achieved and well known in the United States. 

The search for internal defects is now as ever 
the prerequisite for a decision as to whether a 
generator shaft or a turbine rotor can be used. 
In the United States as well as in Europe, ultra- 
sonic testing is widely used as a search method. 
We welcome the exhaustive work which has 
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been done on this in the United States, and this 
applies especially to the facts established by € 
D. Moriarty of General Electric's organization 

— although we do not fully agree with his divi- 
sion of “usable” and “unsuitable” rotors as in- 
dicated in his diagram, Fig. 9 in Metal Progress 
of February 1956. We believe that precise 
boring with hollow drill and investigation of 
the samples is needed to resolve doubtful in- 
stances. (This should always be possible for 
generator shafts but not always for turbine 
rotors.) The American work which related to 
the brittle failure of forgings, especially to the 
position of the transition temperature and its 
significence in determining unsuitable steels 
or improper heat treatments, has proved quite 
useful, Certainly the work of the personnel at 
General Electric Co.’s Large Steam Turbine- 
Generator Dept., and their testing of notched 
disks and rotors by spinning, has been a most 
valuable contribution. 

Interesting in this connection is the explana- 
tion given in Metal Progress of February 1956 
of the breakdown of the turbine rotor disk 
which failed at Tanners Creek. It was made of 
a creep-resistant 1.02-1.13-0.27 Cr-Mo-V steel, 
similar to our 21 Cr-Mo-V 511 steel, which we 
have manufactured since the middle 1930's 
under the trademark “BVT 90”, making large 
numbers of forgings from it for high-pressure 
and medium-pressure turbine rotors up to 60 
in. diameter. The heat treatment is decisive 
for this steel. With suitable heat treatment — 
that is, not too high a hardening temperature 
(max. 1800° F. or 980° C.) and a sufficiently 
high tempering heat (min. 1200° F. or 650° C.) 
— it has always proved satisfactory. One might 
conclude that the heat treatment of the Tan- 
ners Creek rotor disk was not correct.* It is 
also known that this Cr-Mo-V steel has a com- 
paratively low hardenability. According to our 
present understanding, a move in the right di- 
rection would be to add some nickel to the 
analysis to improve its hardenability without 
appreciably affecting its creep resistance. The 
elastic limit and ultimate strength of the forg- 


*Epiror’s Notre — As given in Metal Progress, 
this was “a very complicated program extending 
over 400 hr. between forging and rough machin- 
ing, and 350 hr. between rough machining and 
delivery. The latter consisted essentially of solu- 
tion treatment at 1850° F.; rapid (air) cool to 
1000° and then slowly to 600° for a long equiliza- 
tion; then reheating and soaking (‘tempering’) 
1225° and furnace cooling.” About 10,000 psi. 
residual tensile stress existed at the rim. 
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ings are thus more nearly the same, even 
across a large cross section after heat treatment. 

We have already mentioned the use of axial 
bores for finding defects inside large forgings. 
Based on our experience since the 1920's, axial 
boring can now be abandoned, unless ultra- 
sonic testing shows such serious indications 
within the rotor axis that it seems advisable to 
remove them by boring out the core. If, how- 
ever, an axial bore is made, it should be large 
enough so that the wall of the hole participates 
in the heat treatment — that is, the bore must 
have a sufficiently large diameter and be made 
before heat treatment. We do not agree in any 
way with the opinion variously expressed that 
the chief value of an axial bore and its result- 
ing drill core is to learn something about the 
characteristics of the interior of the forging 
after its heat treatment. It is known that the 
working stresses within an axially bored rotor 
are larger than in an unbored piece, other con- 
ditions being equal. This circumstance should 
therefore be taken into account and the heat 
treatment should follow the boring and should 
be so designed that the metal in the wall of the 
bore will have better properties because of the 
higher cooling speed. 

All heat treatments should be done, system- 
atically, with the piece hanging vertically; 
quenching should be in oil, as has been done 
by the Bochumer Verein since the 1930's. We 
cannot understand the advantage of air cooling, 
which is a delayed cooling. The correctness of 
our method doubtless results from the circum- 
stance that the transition temperature is shifted 
to lower temperatures as the cooling speed in- 
creases. The correctness of the more rapid 
liquid quenching can also be deduced from the 
time-temperature-transformation diagrams. The 
above-mentioned Ni-Cr-Mo-V steel, for instance, 
transforms even in the center of very large 
cross sections after oil quenching in the lower 
bainite region, and this results in excellent 
ductility. 

Regrettable as the failures may have been 
with their very great ensuing damage, they have 
still — because of the investigations and discus- 
sions which they have instigated —led to the 
present situation wherein we possess the great- 
est possible security in judging the usability of 
large rotating pieces. We are firmly convinced 
that, by considering all the assembled results 
and by intelligent application of modern meth- 
ods of testing, further rotor failures due to 
material defects can be avoided. r) 
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Fusion welding produces residual stresses in the vicinity of the weld 
that are about equal to the minimum yield strength in the 


Residual Welding Stresses’ 
in Aluminum Alloys 


By H. N. HILL* 


heat-affected zone. These stresses do not impair the ability 

of a welded structure to resist static or impact loading. 

Under some conditions of cyclic loading, the fatigue strength 

can be affected adversely. In non-heat-treatable alloys, 

welding stresses can be reduced to a low level by a thermal treatment 


How ane RESIDUAL STRESSES introduced 
into a welded structure? During fusion weld- 
ing, heat softens the metal adjacent to the weld 
and causes thermal expansion of this material. 
Cooler metal away from the weld restrains this 
expansion and introduces compressive stresses 
parallel to the weld that are high enough to 
cause plastic deformation. On cooling, the 
heated region contracts and the yield strength 
increases. Tensile stresses are thus introduced 
which must reach a level close to that of the 
yield strength of the material before any relief 
resulting from plastic deformation can occur. 
These tensile stresses are balanced by com- 
pressive stresses in regions away from the weld. 


Importance of Residual Stresses 


Residual stresses in a weldment are important 
only to the extent that they influence behavior. 
Weldable aluminum alloys have enough duc- 
tility to permit residual stresses to equalize by 
plastic yielding before rupture occurs. Some 
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with little sacrifice in original work-hardened strength. (Q25h, K9; Al-b) 


ferrous materials, although ductile under nor- 
mal conditions, become brittle at low tempera- 
ture under rapidly applied loads. Here, resid- 
ual tensile stresses may be detrimental to me- 
chanical properties. It is not unnatural to 
wonder if aluminum containing residual tensile 
stresses has any tendency toward decreased 
ductility under the same conditions. 

Buckling of welded structures is another 
aspect of behavior that might be affected by 
residual stresses. In the plastic range, buckling 
strength depends on the shape of the compres- 
sive stress-strain curve, and the shape of this 
curve can be influenced by residual stresses. 

Of greatest concern is the possible effect of 
residual tensile stress—in and adjacent to 
the weld — on fatigue strength. These stresses 
raise the level of the mean stress in the critical 
region of the weld and therefore decrease the 
fatigue life. 

*Scientific Advisor, Alcoa Research Laboratories, 
New Kensington, Pa. 
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Finally, some materials, including certain 
aluminum alloys, are susceptible to stress- 
corrosion. It is known that stress-corrosion can 
occur in cold worked aluminum-magnesium 
alloys subjected to sustained stress and a cor- 
rosive environment. This naturally raises the 
question of whether or not residual tensile 
stresses from welding might aggravate a sensi- 
tivity to stress-corrosion. 

Aside from all these possible effects on be- 
havior, residual stresses are definitely unde- 
sirable in welded parts to be machined. Weld- 
ing frequently disturbs the balance of the 
residual stress pattern, resulting in warping of 
the part. 

This article deals only with longitudinal 
welding stresses, that is, those parallel to the 
weld bead. Tests were conducted on 5456- 
H 321 plate — the strongest weldable aluminum 
magnesium alloy commercially available. All 
welds were made employing alloy 5556 con- 
sumable electrodes and inert-gas shielding. 
Figure 1 shows a typical distribution of resid- 
ual stresses in a 36 by 48-in. panel formed by 
groove-welding two 18 by 48 by 44-in. plates. 
Variation in yield strength of the material with 
distance from the centerline of the weld is also 
shown. The residual tensile stresses in and 
adjacent to the weld approach the yield 
strength. These tensile stresses are confined 
to the region in which the heat of welding has 
lowered the yield strength of the material. 
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Distance From Weld Centerline, In. 


Impact Strength at Low Temperature 


Falling-weight impact tests were made on 
welded and unwelded 5456-H 321 plate, 0.4 in. 
thick. The impact specimens (Fig. 2) were sup- 
ported on a ring anvil with an 1134-in. diameter 
opening, and were struck at their center with 
a 257-lb. falling weight fitted with a striking 
block having a 34-in. spherical nose. 

Half of the specimens were stress relieved 


Fig. 2 — Details of Impact Specimen. At “a”, the 
weld bead was removed on the bottom side only 


Point of Impact 
11 
3 In._| 3 In. 
a uv a 
7 In | 
Elo 
| | 
In. 8 In. 
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at 550° F. for 14% hr. A maximum 
residual tensile stress of 24,000 psi. 
was measured adjacent and parallel 
to the weld. In stress-relieved panels, 
the maximum stress was 4000 psi. 
Test results (Table I) show no signifi- 
cant improvement for stress-relieved 
panels over as-welded plates when 


Table I — Falling-Weight Impact Tests on Welded 
5456-H321 Plates 


CONDITION 


TEsT 
‘TEMPERATURE 


CRITICAL 
HEIGHT OF 
Drop* 


PERMANENT 
DEFORMATION 


As welded 
As welded 
Stress relieved 


Room 
—280° F. 
Room 


44 in. 
42 
44 


0.7 in. 
0.6 
0.8 


tested at room temperature. As-welded 
plates behaved about the same at 
~ 280° F. as at room temperature. 

In a compression member with a 
longitudinal weld, effect of residual stresses is 
complicated by tensile stresses in the region of 
reduced yield strength at and near the weld. 
Column tests were made on specimens of 5456- 
H 321 (8 in. wide, % in. thick) formed by butt 
welding two 4-in. wide plates. Maximum re- 
sidual stress was 17,000 psi. in the as-welded 
plates and 2500 psi. in stress-relieved specimens. 
The thermal treatment reduced the compres- 
sive yield strength outside the heat-affected 
zone by 10%, The presence of residual weld- 
ing stresses (Fig. 3) did not decrease the buck- 
ling strength. In fact, the stress-relieved speci- 
mens show lower strength, reflecting the de- 
crease in yield strength accompanying thermal 
treatment. 


Residual Stress Affects Fatigue Strength 


Axial stress fatigue tests were made on plate 
specimens containing a longitudinal weld as 
shown in Fig. 4. To obtain the maximum level 
of residual stress, both halves of the fatigue 
specimen were machined to final dimension 
before being joined by a groove weld. Residual 
stress measurements were 17,500 psi. for as- 
welded plates and 2000 psi. for stress-relieved 
specimens. 

Test results at three stress ratios are shown 
in Fig. 5. The effect of the residual stress 


depends on the maximum value and also on - 


the stress ratio of the applied stress. For a 
stress ratio of 0.5 (when applied cyclic stress 
varies from a given tensile stress to twice that 
stress) there is little difference in fatigue 
strength between as-welded and stress-relieved 
specimens, at least out to 1 x 107 cycles. At 
~0.5 stress ratio (when applied stress varies 
from a compressive stress to a tensile stress 
twice the magnitude) stress-relieving definitely 
increases fatigue strength. At 1 x 107 cycles, 
fatigue strength of stress-relieved specimens 
is about 60% greater than that of as-welded 
specimens. At a stress ratio of zero (applied 
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Column Strength, 1000 Psi. 


*Average between lowest height that caused a crack and 
highest drop that did not cause a crack. 


stress varies from zero to a given tensile value) 
fatigue strength at 1 x 10° cycles increases 
about 40% as a result of relieving residual 
stresses by thermal treatment. 

The effect of residual welding stresses on 
fatigue strength decreases as the maximum 
applied tensile stress increases and the number 
of cycles of failure decreases. Convergence of 
the two curves when the stress ratio is zero sug- 
gests that there would be no difference in 
strength at 1 x 10° cycles. Convergence of 
the curves for —0.5 stress ratio would occur 
at some lower number of cycles. Note that the 
static strength of as-welded and stress-relieved 
specimens is about the same. 


Stress Corrosion Does Not Occur 


Panels of 5456-H 321 containing a longi- 
tudinal butt weld were exposed by alternate 


Fig. 3 — Results of Column Tests on ¥2-In. Thick 
5456-H 321 Plate Containing Longitudinal Welds. 
The data show that buckling strength is not 
decreased by the presence of residual stress 
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Fig. 4 — Longitudinally Welded Fatigue Specimen. 
Each half was machined to shape before welding 


externally applied stress. These specimens 
have been exposed for 11 months, with no sign 
of stress-corrosion cracking and only a very 
mild surface attack. 

Other stress-corrosion specimens of welded 
5456-H 321 plate, sensitized and stressed at 
75% of the yield strength, have undergone 
alternate immersion tests in 314% NaCl solution 
for 18 months without stress-cracking. In such 
tests, no cracking in this period of time is gener- 
ally interpreted as indicating a lack of suscep- 
tibility to stress-corrosion. 


immersion in a 3%% NaCl solution. Some 
samples were exposed in the as-welded condi- 
tion while others were thermally stress relieved. 
Residual tensile stresses were 17,000 psi. in as- 
welded and 2000 psi. in stress-relieved plates. 
Panels of each group, given a sensitizing treat- 
ment by heating at 212° F. for one week, were 
also included. Experience has shown that this 
treatment — which reduces the maximum re- 
sidual tensile stress by about 1000 psi. — devel- 
ops any latent stress-corrosion tendency. Some Thermal Relief of Residual Stresses 
specimens were subjected to bending which In 
produced a nominal applied bending stress of 
about 21,000 psi.; others were exposed without 


those circumstances where residual 
stresses are known to be harmful to non-heat- 
treatable aluminum alloys such as 5456, a 
thermal treatment can be used to reduce them. 
To be useful, such a treatment should have no 


serious adverse effect on strength or other 
__min. applied stress properties of the material. For practical 


max. applied stress 
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36 


reasons, time and temperature of treatment 
should be kept to a minimum. 

We determined the effect of temperature on 
relief of residual stresses and on mechanical 


32 


T 
Yield Strength of Base Metal 
(Not Affected by Heat of Welding) 


properties using 8-in. by 2l-in. panels formed 
by butt welding two \-in. thick 5456-H 321 


28 


plates. Results are shown in Fig. 6. At 400° F., 
there was no decrease in yield strength of the 
base material; minimum yield strength in 


the heat-affected zone improved slightly, but 
residual stress was reduced only by about 25%. 
A temperature of 500°F. or higher was re- 


quired to produce an appreciable reduction in 
residual stress. At 550° F., the residual stress 
was reduced more than 80%, with less than 10% 


loss in base-metal yield strength. Tensile 


Temperatures above 550° F. resulted in signifi- 


od Tensile Residual Stress strength was less affected than yield strength. 


cant reductions in yield strength of the base 
metal. Essentially complete annealing occurs 
at 650° F., with almost 100% relief of residual 


2 
\ 
3 Minimum Yield Strength 
- in Heat-Affected Zone 
216 
a 
12 
8 
Bars Indicate Range. Curves Go 
Through Average Values 
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stresses. 
For the tests described here, we adopted 
a thermal treatment of 550° F. for 11% hr. (total 


heating time). Further investigation is re- 
quired to establish recommended thermal treat- 
ments for weldments of the various non-heat- 


0 
0 100 200 300 400 


500 600 700 _ treatable aluminum alloys in different tempers. 


However, residual stresses in 5456-H 321 weld- 


Temperature, ° F. 

E T ments can be reduced about 75% by holding 

Fig. 6— Effect of Temperatere on the part at a temperature of 525° F. for 15 min., 
Yield Strength and Residual Stress of ; in vield h of th 

%-In. Thick 5456-H 321 Welded Plate with only a 5 to 10% loss in yield strength of the 


base material. 


On the Cover 


Impacts 
in 


Color 


The colorful cylindrical shapes on this month’s front cover are a preview 
of “Varaflow”. This special form of aluminum, now being studied by the 
Alcoa Research Laboratories, incorporates integral variegations of color 
change — not unlike the color flow of marble cake or ripple ice cream. It is 
in fabricating that the flow pattern of the alloy is created. 

After fabrication (the impact process was employed to create the proto- 
types on the cover), the part is given an anodic treatment which is the key 
to attaining color with “Varaflow”. According to Alcoa’s industrial de- 
sign department, the potential color range of the alloy is broad: Natural 
aluminum, light to medium gray, a warm (almost black) gray and true gold. 
All these can be produced with a clear anodizing process. If color anodizing 
is employed, the integral color variations of the material act to modify the 
tones and values of the anodizing color. 

The potential for manufacture of the new material is being explored by 
Alcoa’s metallurgy and production group. If this proves feasible, the de- 
signer will have a new material with a unique decorative potential for fur- 
nishings, trim panels, furniture components and many other products. The 
striking cover photograph which protrays the parts against a background of 
the New York skyline at night was provided by Samuel L. Fahnestock, 
Alcoa’s manager of design. 
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How to choose a metal for high-temperature service 


In every sense, “the heat’s on” and “the 
pressure’s on” when metals go to work 
at high temperatures. The basic trend in 
processing equipment has been toward 
higher pressures, higher temperatures, 
and more corrosive conditions. 


That’s why questions like these are 
being asked today: What metal is 
used within the core of a gas-cooled re- 
actor where operating temperatures go 
up to 1700°F? What metal is used for 
the “skin” of a missile that must take 


supersonic heats from 400° to 600°F | 
...and be the structural framework for | 


130 tons of dead weight? What metal 
is used to withstand the corrosion of hot 
ammonia gas at 900°F? What metal is 
used for strength and corrosion resist- 
ance above 1000°F? 


The answer, in each case: Nickel 
Stainless Steel. 


Nickel works as a strengthening and 
toughening agent. In steel it promotes 
the formation of austenite, which is 
stronger and more stable at high tem- 
peratures than ferrite. Nickel steps up 
steel’s resistance to oxidation, carburiz- 
ing, nitriding and thermal fatigue. 


The war against corrosion. High- 
temperature equipment is exposed to a 
great many different atmospheres and 
corrosive conditions. Many materials 
coming from high-temperature process- 
ing and handling must be delivered un- 
contaminated by the products of 
corrosion. Nickel stainless steels are 
especially good for fighting corrosion... 
perform well under those oxidizing con- 
ditions harmful to unalloyed steel. The 
stainless steels possess the ability to 
protect themselves with oxide films that 
form a shield against corrosion. And 
stainless steel, as the name implies, 
stays brighter, cleaner . . . and the pro- 
tective “oxide layer” is less likely to be 
broken or reduced by pitting or scaling. 


What strength means at high tem- 
perature. By a mechanism known as 
“creep” metals at elevated tempera- 
tures flow plastically though subjected 
to stresses below their yield strength, as 
determined by short-time tensile tests. 
The creep strength of nickel stainless 


steels is an important reason for their 
increasing use in a variety of high-tem- 
perature operations. Both time and 
stress are design factors at high temper- 
atures. The most generally useful data 
are those for creep and rupture—one or 
the other is the basis for most allowable 
stress values in design work. 


The chart below gives the creep and 
rupture strength data of two nickel 
stainless steels that have found wide 
acceptance in high-temperature service: 


CREEP STRENGTH 
1000°F 1500°F 
AISI 1% 1% 1% 1% 
TYPE 100,000 10,000 10,000 
hrs, psi hrs.psi | hrs,psi 


310 | 17,500 32,500! 1,250 3,500 
316 14,750 24,500) 1,800 4,200 
RUPTURE STRENGTH 
1000°F 1500°F 
AISI |100,000  10,000/100,000 10,000 
TYPE hrs,psi hrs.psi| hrs,psi —_hrs.psi 
310 21,000 25,000; 1600 2800 


Don’t stop at creep and rupture 
strength . . . other critical questions 
must be considered in the selection of 
metals for high-temperature service. 
They include: 


e high temperature ductility 
e short-time tensile properties to help 


evaluate resistance to momentary 
overloads 


e thermal shock resistance 


Before selecting a metal for a spe- 
cific service ask yourself these 
questions: 


[ ] What is the maximum tempera- 
ture of operation? 


What kind of temperature cycling 
will occur? 


What maximum load will be en- 
countered? Will it be constant or 
cyclic? 


What types of atmosphere or 
other corrosive conditions? 


[] What size or shape of the parts or 
sections? 


[| What further processing will be 
done, such as welding or machin- 
ing? 


C] What abrasive or wear conditions 
will be encountered? 


The nickel stainless steel family can 
serve you in a wide range of high-tem- 
perature operations. That’s why it’s best 
to bring your metal problem to Inco’s 
High Temperature Engineering Section. 
They are fully prepared to give you 
practical answers on the metal that will 
work best in your application. A note 
to Inco will bring you the “High Tem- 
perature Worksheet” to guide you in 
describing your metal problem. 


LITERATURE 


The publications listed below will pro- 
vide more detailed information on 
choosing metals for high-temperature 
service. 


PUBLICATION 
NUMBER 
A266 Heat Resistant Castings, Cor- 
rosion Resistant Castings . . . 


Their Engineering Properties 
and Applications 


A227 Stainless Steel for Pressure 
Vessels 


High Temperature Corrosion in 
Refinery and Petrochemical 
Service 


A164 Thermal Expansion Character- 
istics of Stainless Steels Be- 
tween —300°F and 1000 F 


A248 Compilations of Chemical 
Compositions and Rupture 
Strengths of Super-Strength 
Alloys 


A complete listing of Inco publications 
and technical bulletins can be obtained 
by writing for “List A” to: 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street gaa, New York 5,N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Electrolytic Polishing of 
Refractory Metals 


By F. R. CORTES* 


This article discusses a versatile solution, composed of small amounts 
of sulphuric and hydrofluoric acids in methanol, which can be used 
to electropolish four refractory metals — molybdenum, tungsten, 
tantalum and columbium. Grinding and polishing procedures 

are also described. (M20p; Mo, W, Ta, Cb, EG-d) 


Turovcn THE DEVELOPMENT AND APPLICA- 
TION of the refractory metals (particularly 
molybdenum, tantalum, tungsten and colum- 
bium) has proceeded rapidly in recent years, 
metallographic techniques have not kept pace. 
As a result, we at Universal-Cyclops Steel 
Corp. found it necessary to develop a metal- 
lographic technique which could be applied to 
the demands of production control as well as to 
research and development programs. After an 
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extensive investigation, during which many dif- 
ferent polishing methods were studied, we 
came up with a versatile electrolyte. Composed 
of 5% H.SO, and 1.25% HF in methanol, this 
new electrolyte has been highly useful since 
its inception. 

When we began our work, electrolytic polish- 
ing had to be considered because most refrac- 


*Metallurgist, Universal-Cyclops Steel Corp., 
Bridgeville, Pa. 
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Table I— Procedure for Polishing Refractory Metals 


PROCEDURE*® 


CoLUMBIUM TANTALUM 


MOLYBDENUM 


TUNGSTEN 


Amp. per sq.cm. | 4.6 t05.4¢ | 4.6 to5.4t | 4.4 4.4 
Voltage 501060 | 60t080 | 50t070 50 to 70 
Time 10 to 20 sec. | 15 to 25 sec. 6 to 12sec. | 8 to 15 sec. 
Flow rate | Medium fast | Medium fast | Medium fast | Medium fast 
Temperature L <r. | <75° F. 


*For all metals the electrolyte consists of 5% H 
methanol. 
+Maximum area polished, 0.06 sq.in. 


tory metals are relatively difficult to polish by 
hand. For example, commercially pure as-cast, 
wrought, and recrystallized tantalum and co- 
lumbium are hard to polish because they are 
relatively soft. Since these metals do not work 
harden appreciably, flowed metal surfaces are 
difficult to remove even when the metal is in 
the wrought condition. Pitting also occurs 
during polishing and etching, being aggravated 
by the presence of polygonized structures in 
arc-cast tantalum, columbium, molybdenum 
and tungsten. 
Molybdenum is commonly polished mechan- 
ically when in the worked and recrystallized 
conditions. In the as-cast state, molybdenum 
is difficult to hand polish; however, it can be 
electropolished by any of a number of electro- 


Fig. 1 — Specimen From Swaged Bar of Tho- 
riated Tungsten After Electropolishing With 
the New Solution. Thorium oxide and po- 
rosity are evident in the structure. Etchant: 
15% HNO; and 3% HF in water; 200 x 


*SO, and 1.25% HF in 


lytic methods that have been available for 
several years. 

Tungsten is the easiest of the four metals to 
hand polish since it abrades evenly and remains 
relatively free of worked metal surfaces. It is 
also easily electropolished in several alkaline 
and salt solutions. 


Several Electrolytes Evaluated 


In attempting to develop an electrolytic 
polishing* technique for tantalum and colum- 
bium, we first evaluated those electrolytes 
which had proven satisfactory for other refrac- 
tory metals. (Initially, it was decided to elimi- 
nate the very corrosive and dangerous solutions 
from consideration.) Various concentrations 
of perchloric acid and alcohol were tested, with 
fair results being obtained with a solution of 
30 ml. HCIO, and 740 ml. methanol. In all con- 
centrations, an insoluble, flaky film formed 
on the surface of the specimen. However, the 
aforementioned composition produced a_pol- 
ished surface when the film was removed. In 
some instances, particularly with as-cast colum- 
bium, the film was partially adherent, and 
results were not consistent because of this. 

Viscous liquids, such as glycerol, were then 
added to several common acid-alcohol electro- 
lytes in an attempt to form or increase the 
thickness of the anodic film theoretically needed 
for polishing. However, the drop in cell cur- 
rent caused by such additions either increased 
anodization and formation of a tight surface 
film, or caused the specimen to be etched rather 
than polished. 

It seemed that we needed a low-viscosity 
electrolyte with an alcohol base in which the 
acid addition alone would maintain the polish- 
ing film. Since the experimental electrolytes 


*Our laboratory uses an early model of a com- 
mercial electropolisher (Disa Electropol). 
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were, for the most part, mixtures of viscous 
H.SO, and H;PO, acids, low acid concen- 
trations appeared to be a step in the right 
direction. Therefore, we aimed at a dilute 
acid-alcohol electrolyte which would limit the 
formation of, or dissolve, anodic reaction prod- 
ucts such as columbium or tantalum oxides and 
salts. This led to a solution composed simply 
of 5% H»SO, and 1.25% HF acids in methanol. 
(Table I lists the procedures which were most 
successful with our electropolisher.) This com- 
position falls within a “critical range” of total 
acid concentration, from a minimum of about 
4% to a maximum of about 8% by volume. Be- 
low a total acid content of 4%, the specimen is 


Fig. 2— As-Cast Molybdenum Polished by 
the New Technique. Note the molybde- 
num carbides at the grain boundaries; they 
are not polished out or pitted by electro- 
lytic action. Etchant: Murakami's; 500 x 


severely anodized and discolored; above 8%, 
both anodization and etching occur. To obtain 
satisfactory results, the H,SO, to HF ratio 
should range between 2:1 and 10:1. 


Bath Temperature and Flow Rate 


It should be noted that bath temperature is to 
be kept at, or somewhat below, room tempera- 
ture. When the temperature of the electrolyte 
rises above 75°F. (due to ionization of acids 
during mixing or heat evolved during polish- 
ing), a slight surface film may appear on the 
polished surfaces accompanied by an “orange- 
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peel” appearance under the microscope. This 
is particularly critical with thin sheet because 
the electrolyte must then also act as a coolant 
in order to keep the relatively small mass from 
overheating. 

The “medium fast flow rate” indicated in the 
table is approximately a 14 to 16-cm. liquid 
electrolyte column pressure. Variation in flow 
rate has a more pronounced effect on the quality 
of polish obtained on tantalum and columbium 
(which are soft) than on tungsten and molybde- 
num. With high flow rates, polishing striations 
appear parallel to the direction of electrolyte 
flow across columbium and tantalum surfaces. 
Such striations do not occur on molybdenum 
and tungsten surfaces. 

With slower flow rates, surfaces polished 
more evenly, but the minimum velocity was 
limited by the characteristics of the electrolyte. 
That is, as flow rate decreases, arcing occurs. 
Cell resistance increases and causes overheat- 
ing, along with a proportional decrease in cell 
current. The latter effect is believed to be a re- 
sult of the low acid concentration in methanol, 
a nonelectrolyte. In this solution, high flow 
rates are required for necessary electrical con- 
duction and current densities. 

As the electrolyte is used, it appears to “age”, 
and the quality of the polished surface im- 
proves. The reason is unknown, but it may be 
related to an increasing solution or suspension 
of metal salts or oxides in the electrolyte. 


Polishing Methods Are Conventional 


Specimens are wet ground through silicon 
carbide papers, and finished on either the 600- 
grit, 3/0 or 4/0 papers. Surface appearances of 
electropolished tantalum and columbium im- 
proved considerably when specimens were fin- 
ished on the finer 4/0 paper, though results 
were relatively good when 3/0 or 600-grit fin- 
ishes were used. With regard to scratches on 
the surfaces, tungsten and molybdenum also 
exhibited improved polishes when preliminary 
hand polishing was concluded on the finer 4/0 
metallographic paper. In all instances, the 
specimens were “circled” on the final metallo- 
graphic paper to remove directional polishing 
abrasions. 

Coarse surfaces, which are usually the result 
of polishing striations forming parallel to flow 
direction of the electrolyte, can be eliminated 
by longer electropolishing times with decreased 
flow rates. Two other techniques will help to 
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improve polished surfaces of tantalum and co- 
lumbium. Mechanically polished surfaces can 
be either etched prior to electropolishing, or 
the specimen can be electropolished and then 
rotated 90° and repolished. In this manner, the 
striations formed during the initial polishing 
operation will be transverse to the direction of 
electrolyte flow. 


Structures Are Well Defined 


Figures 1, 2, 3, and 4 illustrate typical struc- 
tures obtained with the listed procedures. For 
example, sintered and swaged tungsten bar is 
shown in the micrograph Fig. 1. The struc- 


Fig. 3 — As-Forged Tantalum. In the as-cast con- 
dition, this metal is more difficult to prepare; coarse- 
ness and pittings are more pronounced. Etchant: 
5 parts HNO;, 1 part HF, 10 parts H,O; 200 x 


ture consists of heavy dispersion of thorium 
oxide and other impurities plus a small amount 
of porosity. The degree to which the im- 
purities (or precipitates) are removed during 
polishing depends primarily upon the polishing 
time; they can be loosened if too much of the 
surrounding matrix is polished away. 

Commercially pure as-cast molybdenum (Fig. 
2) contains a small amount of molybdenum 
carbide which is easily seen in the photomicro- 
graph. The carbides have formed as grain- 
boundary precipitates, and are not polished out 
or pitted by electrolytic action. 

Figures 3 and 4 are typical of the quality of 
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micrographs which can be obtained from 
tantalum and columbium after electropol- 
ishing. In the as-cast state, these metals are 
difficult to prepare since coarseness (due to di- 
rectional flow of electrolyte) and pitting are 
more pronounced. 

This new electrolyte has several advantages 
which make it attractive to the metallographer. 
First, it is satisfactory for all four of the refrac- 
tory metals — tungsten, molybdenum, tantalum 
and columbium. Since solutions do not have 
to be changed when different metals are pol- 
ished, much time is saved. Second, the cost 
of the electrolyte is negligible since the concen- 


Fig. 4 — Arc-Cast Columbium. Though not evi- 
dent here, uneven surfaces are sometimes en- 
countered when polishing as-cast columbium 
and tantalum by this method. Etchant: 5 parts 
HNOs, 1 part HF, and 10 parts H,O; 200 x 


tration of acid is low; it also can be stored 
for several weeks. Last, but of primary im- 
portance, the dilute acid solution is relatively 
noncorrosive to equipment, and can be safely 
handled and stored with the usual care. There 
is no danger of explosion unless the hydrogen 
gas (emitted during polishing) is prevented 
from escaping, and is ignited by malfunction- 
ing equipment. 

All things considered, this seems to be an ex- 
cellent solution for electropolishing refractory 
metals. Its advantages far outnumber its draw- 
backs, as far as we can determine. Many 


laboratories should find it useful. S$ 
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Centrifugal Casting 
of Thin-Walled 


Magnesium Parts 


By WARREN C. SMITH* 


For complex shapes difficult to produce, 
the centrifugal process is providing 
sound magnesium castings that are often 
metallurgically superior to those produced 
by other casting methods. (E14; Mg) 


The ADVANTAGES OF THE CENTRIFUGE, which pro- 
duces superior castings economically, have to some 
extent been overlooked by the magnesium foundry in- 
dustry. Many authorities have stated that anything 
cast in the centrifuge can be produced more easily some 
other way. Gating and risering, feeding and chilling, 
and selection of molding media are so versatile by 
other methods that these may outweigh the advantages 
of the centrifuge. For many designs this is probably 
true. 

There are certain parts, however, which are difficult 
to cast by other methods, and which then require expen- 
sive machining. We are finding that the centrifugal 
process, employing permanent molds, is more effective 
for rocket and missile fins with knife edges, thin-walled 
electronic module cases and covers, impellers and 
blades, and almost any cast configuration requiring thin 
webs which, by other methods, would not fill without 
misruns and cold shuts. 


105 Rpm. 


Feeder Head 
Chill End 


Sound Structure Obtained 


While some of the important advantages of a cen- 
trifuge are obviously economic and mechanical, metal- 
lurgical improvement in the cast structure is also im- 
portant. A series of AZ91C alloy slabs —6 in. long, 
5 in. wide and 1 in. thick — were cast at various rota- 
tional speeds up to 220 rpm. (4180 surface ft. per min.). 
The test slabs were end-chilled with a removable chill 
(water quenched after each pour). 

The resulting radiographs—using a fine-grained 
*President, H & S Metal Products Co., Los Angeles. 


Fig. 1 — X-ray of Test Slabs Cast at Various Rota- 
tional Speeds. Microporosity moves toward feeder 
head as rotational speed increases to 140 rpm. 


Static 


220 Rpm. 
a 
4 
75 Rpm. 
| j 


film and an x-ray tube with a beryllium window 
for optimum contrast — indicated a uniform 
dispersion of microporosity in slabs cast stati- 
cally, but microporosity gradually moved 
toward the feeder head as the speed (and cen- 
trifugal force) increased up to 140 rpm. (2650 
surface ft. per min. ). 

In the statically cast slab (Fig. 1), we see 
that discontinuities are uniformly dispersed, 
except in the immediate area of the chill which 
we know will normally be free of microporosity. 
However, the radiograph of the casting spun at 
50 rpm. (950 surface ft. per min.) shows that 
the discontinuities have migrated toward the 
centerline. As we increase speed from 75 to 
140 rpm., microporosity is further reduced in 
area, moving to the centerline and toward the 
feeder head. Higher speeds show little addi- 
tional change. 

Why does this improvement occur in direct 
proportion to increases in rpm. up to 140? The 
radiographs show that, at all rotational speeds, 
discontinuities occur at the centerline in con- 
trast to a uniform dispersion in static castings. 
This is due to rapid chilling of surface areas 
where heat transfer is not interrupted by 
shrinkage gaps in the mold-casting interface. 
The molten metal is continually pressing against 
this interface, preventing the casting from 
shrinking away from the heat-conducting mold 
wall as it does in the static permanent-mold 
process. This would account for the center- 
line nature of the discontinuities and the fact 
that they decrease in area as rotational speeds 
increase. The chill condition is so rapid that 
gases in solution do not precipitate, whereas the 
center portion of a test slab, toward the header, 
retains enough heat to allow gas precipitation. 


More Rapid Chill Is Obtained 


Does prevention or delay in the formation of 
a shrinkage gap result in more rapid chilling 
in the centrifuge than in a static mold? We 
believe the more rapid chill of the centrifuge 
is demonstrated by the ability of the process to 
fill a mold cavity containing thin-wall sections 
— impossible to cast in a static mold — and do 
it at lower mold and pouring temperatures. 
The fact that the colder mold is properly filled 
is a guarantee that a quicker chill results. Our 
company has had little success in casting mag- 
nesium parts (with thin walls less than 0.125 in.) 
in sand and static permanent molds; but cen- 
trifugal equipment can produce wall thicknesses 
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down to 0.080 in. in some designs. By solidi- 
fying almost instantaneously, these parts show 
very little microporosity. 


Mechanical Properties Are Better 


Since grain size is directly proportional to 
rate of chill, it seems logical to expect centrifu- 
gal casting to improve mechanical properties 
as well as produce sounder castings. Test re- 
sults have indicated that mechanical properties 
near the feed end of cast test slabs are substan- 
tially improved as centrifugal force is increased. 
The tensile strength increased from 20,000 to 
36,000 psi. (static versus 105 rpm.). Elongation 
also increased from 1% to about 4% as the 
speed of rotation increased. In contrast, prop- 
erties at the chill end and center level off with 
no significant change after a sharp rise from 
static conditions to 50 rpm. 

We believe these results indicate that the 
centrifuge process provides metallurgically 
superior castings in shapes which are difficult 
to cast by other methods. In addition, the 
process may be relied upon to produce castings 
with closer dimensional tolerances than con- 
ventional permanent-mold operations because 
less refractory mold wash is necessary and it 
need be reapplied less frequently. 


Mechanical and Economic Advantages 


The centrifugal process has many mechanical 
and economic advantages, including faster cast- 
ing cycles, filling of thinner webs, achievement 
of more intricate configurations and finer detail, 
and better surface smoothness. The process 
can also produce good castings with the more 
sluggish alloys. In certain configurations, for 
example, HK 31, ZH 62 and QE 22 will cast 
almost as readily as AZ 91 C. 

On the economic side, and assuming suitable 
rotational and cycling controls are built into the 
equipment, centrifugal casting may soon com- 
pete favorably in the commercial field with 
die casting. It produces castings with close 
fidelity to mold details, and it is capable of 
production rates equal to most die-casting oper- 
ations. The centrifuge has certain design limi- 
tations — H & S is not closing down its sand or 
permanent-mold foundries in our new enthusi- 
asm for the electronically controlled centrifuge. 
Still, this type of machine (with its supporting 
system) provides unique advantages in casting 
military and commercial hardware in many 
“difficult” alloys and configurations. S$ 
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No. 8 in a Series on Better Finishing 


How to Get the Most 
From Phosphating Systems—I 


By GEORGE H. PIMBLEY* 


Progress in research combined with the lessons of practical experience 
has taken much of the guess work out of phosphate coatings 

and how to apply them. In this, the first of a three-part article, 

the author describes some of the recommended practices for 

zinc phosphate dip baths. In subsequent issues techniques for getting 
best performance from zinc phosphate spray systems and from 
manganese and iron phosphate systems will be presented. (L14b) 


was BEEN that Roman soldiers in 
ancient Germany found certain. deposits of 
phosphate-bearing earths which proved effec- 
tive in removing rust from their armor and in 
preserving it against the weather. Perhaps in- 
spired by that tale, officers of the British army 
employed phosphoric acid about a century ago 
to maintain their swords in bright condition. 
Thus, the art of protecting metals by depositing 
a phosphate coating on them is certainly not 
new, but it has only received wide application 
in the last three decades. With this growth 
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has come a broad scientific foundation upon 
which to build better phosphating compounds 
and processes. However, much remains to be 
done in areas of research as well as in the appli- 
cation of the basic principles and good operat- 
ing practices of which we are already aware. 

Today, we are able to apply phosphate coat- 
ings on most articles of iron and steel and 
parts coated with zinc and cadmium. They must 


* Group Leader, Metal Surface Conversion 
Coatings, Research and Development Dept., Tur- 
co Products, Inc., Wilmington, Calif. 
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have accessible surfaces and be of such size and 
shape as to allow introduction into processing 
baths or cabinets such as dip tanks and spray 
washers. Under special conditions certain kinds 
of phosphate coatings can be applied to alumi- 
num, magnesium, tin, titanium and other metals. 
Many alloys of steel, including stainless steel, 
can also be phosphated but only with difficulty 
and by special methods. 

Phosphating equipment includes dip tanks, 
spray washers, tumbling barrels, conveyorized 
dip mechanisms, stationary spray cabinets and 
a number of other special devices. Much of the 
phosphate-bath equipment can be of mild steel, 
although stainless steel is preferable for dip 
and reservoir tanks because of longer life and 
minimization of sludge. (Whether mild steel 
can be used for tanks depends largely on two 
things, pH and tank-protecting nature of the 
bath. Mild steel cannot be used for solutions 
of low pH. On the other hand, a phosphate 
bath with a pH greater than 2.0 will phosphate 
and protect its own tank, although making some 
extra sludge. ) 


Characteristics of Phosphate Coatings 


As has been brought out in previous articles 
in Metal Progress (see September 1960, p. 101 
and April 1961, p. 100), phosphate coatings 
provide a barrier against corrosion in the form 
of a protective chemical coating on the surface 
and also serve as a foundation for paints, var- 
nishes and oils. The phosphate coating must be 
continuous, adhere well to the surface, and 
be of a texture suitable for the intended use. 
In texture and color it must be reasonably uni- 
form so as not to cause blotches and streaks 
in the paint to be applied over it. The phos- 
phate coating not only affords a considerable 
measure of protection against corrosion, but 
also improves the corrosion resistance of or- 
ganic coatings by holding them more tightly 
to the surface. This bonding is particularly es- 
sential at the edges, over broken parts of the 
surface, around holes, and in crevices. It is, 
therefore, highly important to insure a con- 
tinuous, uniform phosphate coating over every 
part of the surface. This means that the metal 
surface must be thoroughly clean and free from 
rust and loose scale. 


Parts Must Be Clean 


Phosphating processes cannot operate 
through grease or other soil. Hence, all soils 
must be removed thoroughly so that the cleaned 
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surface will not show a water break when held 
under cold running water. In the so-called 
iron-phosphate processes, cleaning is performed 
simultaneously with phosphating by incorporat- 
ing surface-active agents and alkali metal phos- 
phates that will promote grease removal. For 
the zinc and manganese phosphate processes, 
and in some iron-phosphate installations, it is 
usually necessary to clean the parts before 
phosphating. 

Another general principle that applies to all 
phosphating is the necessity of thorough water 
rinsing between the various stages. In the 
iron-phosphate processes the work may pass 
through two successive phosphate stages with- 
out rinsing, but for all others there must be 
good water rinsing between the successive 
chemical solutions. The water rinses must be 
kept reasonably pure by constant overflow of 
the tanks and by frequent complete change, 
usually once daily. This is particularly true in 
areas where the water is hard or where the rinse 
water is subject to any kind of contamination. 
In some instances, it may be advisable to use 
demineralized water for final rinsing. 

The corrosion resistance provided by phos- 
phate coatings can be enhanced by rinsing the 
parts in a very dilute chemical solution which 
is absorbed into the fresh wet coating. Several 
kinds of solutions may be used for this final 
rinse, but generally it is one which contains 
chromate ions. The chemical penetrates the 
coating and becomes a part of it; it is not rinsed 
off. For best inhibitive effect the concentra- 
tion should range up to about 2 Ib. of chromic 
acid or a chromate per 100 gal. of water; how- 
ever, staining may occur if the concentration is 
too high. On thick crystalline coatings, staining 
may be of no consequence; on thin coatings such 
as iron phosphates, it may be serious. Hence, 
one must choose between concentrations of 8 
oz. to 2 Ib. per 100 gal. Temperature of the 
final inhibitive bath is not significant, but for 
fast drying, it should be relatively high, al- 
though not above 180° F. The pH of inhibitive 
baths is usually held between 2.0 and 6.0. 

It is desirable to dry and paint parts as 
promptly as possible after phosphating. After 
coming from the final inhibitive rinse, the work 
should go immediately into a drying chamber. 
There should be as little time and space as 
possible between the final stage and the drying 
chamber. Moisture that has accumulated in 


crevices or in any area particularly subject to 
corrosion should be blown off. 
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Heavy-Metal Phosphating Baths 


Heavy-metal phosphating baths produce 
coatings which contain zinc or manganese phos- 
phates (or both) and also some iron phosphate, 
when used on steel. The coatings are much 
more substantial than the so-called iron phos- 
phates; they consist of layers of metallic phos- 
phate crystals, gray in color, which are soft and 
easily scratched but quite adherent to the 
underlying metal. The chemicals for preparing 
the baths are sold as concentrated liquid solu- 
tions of zinc and manganese acid phosphate 
that also contain chemical accelerators and 
some free phosphoric acid. Processing baths 
are prepared by mixing small proportions of 
the solution with water to form dilute baths 
which are then heated to the proper operating 
temperature. Coatings are of considerably 
better quality than those of the iron phosphate 
type, being much thicker and of inherently su- 
perior corrosion resistance. This type of phos- 
phating is termed “crystalline” in contrast to 
the designation of “iron” phosphate. The crystal- 
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Fig. 1— Heavy-Duty Cleaner Used on Steel 
Surface Results in Coarse Phosphate Crystals 
(Left.) Better coating (right) is formed me a 
cleaner of low alkalinity is employed. 45 X 


line coatings are usually specified where maxi- 
mum quality must be achieved. 


Five Stages Needed 


Because of the nature of crystalline phos- 
phate, these coatings cannot be advantageously 
produced by baths containing organic surface- 
active agents. Hence, it is necessary to clean 


the surface and remove all rust, foreign matter 
and loose scale before phosphating. Heavy- 
metal phosphating must, therefore, be per- 
formed in an installation having a series of at 
least five successive stages, which will provide 
for cleaning, rinsing, phosphating, rinsing, and 


Fig. 2 — Jernstedt Activator, Added to the Cleaner 
or to a Rinse Tank Preceding Phosphating, 
Greatly Enhances the Smoothness of a Phosphate 
Coating (Right). Sample on the left was not treat- 
ed with an activator before being coated. 45 X 
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a final inhibitive rinse. Where pickling or other 
operations are necessary, the number of stages 
may even be nine or more. Also, multiple rinse 
tanks may be desired to improve the efficiency 
of rinsing. 

In crystalline phosphating it is highly im- 
portant to promote formation of dense crystals 
of small size which are closely packed and uni- 
formly distributed over the surface. The for- 
mation of phosphate crystals is unfavorably 
influenced by many conditions such as harshly 
alkaline materials in the pre-cleaner. This 
type of cleaner may remove grease and soil very 
efficiently, but it imparts a condition to the 
metal surface which results in relatively large, 
coarse, blotchy crystals as shown in Fig. 1. On 
the other hand, the cleaner must effectively re- 
move grease and loose soil. 


Activators Improve Coating 


Another general principle of heavy-metal 
phosphating is that of “metal activation”. Some 
20 years ago, Jernstedt of Westinghouse Elec- 
tric Co. discovered that the quality of phos- 
phate coatings is greatly improved by small 
amounts of titanium compounds present in 
alkaline pre-cleaners or in special dip baths. 
The exact mechanism of this action is not 
known, but it promotes the subsequent forma- 
tion of densely packed, small phosphate crystals, 
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Fig. 3— Multistage Sys- 
tem for Dip Phosphating 
Usually Consists of Five 
Tanks for Cleaning, 
Phosphating and Rinsing 


making a better coating than could be obtained 
without the use of the activator. As shown in 
Fig 2, smoothness of coating and corrosion re- 
sistance are improved and consumption of paint 
is less. 

There are two ways in which to use a Jern- 
stedt activator. For maximum effect it should 
be made into a very dilute solution of about 14 
oz. per gal. of water and used as a pre-dip prior 
to phosphating. A water rinse is generally 
recommended between the activator and the 
phosphating. This pre-dip method is one that 
is almost indispensable when the steel is 
pickled. There should be good rinsing after 
the pickle, then the activator pre-dip and an- 
other rinse — applied before the phosphating 
operation. 

Another, somewhat less effective, method of 
using an activator is to add it to the alkaline 
pre-cleaning solution. The proportion may 
range from ¥% oz. to 1 oz. per gal., added to the 
water along with the cleaning compounds. The 
cleaner bath is then used in the usual way. 

Activators have relatively short life and must 
be frequently renewed or replenished. When 
work schedules are heavy, it may be advisable 
to replenish the activator in a cleaning bath 
every day, even though the cleaning bath is 
working satisfactorily with regard to grease 
removal. In pre-dip baths, where the activator 
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Fig. 4—Treating Parts 
So That Large Areas Are 
Held in Vertical Position 
Is the Recommended 
Procedure for Best Phos- 
phating Results. Shown 
here is some of the 
equipment at Birtcher 
Corp., Los Angeles, Calif. 


Fig. 5 — In Dip Phosphating, the Volume 
of the Bath Should Be Large in Relation 
to the Area of the Work Surfaces. Oper- 
ation shown here is an open-tank line at 


Precision Sheet Metal, Inglewood, Calif. 
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is used alone, it is advisable to renew the bath 
daily. 


Economical Pickling 


When rust or lose scale is present on steel 
surfaces, it must be removed before phosphat- 
ing by pickling or sand-blasting. The most 
economical means is by a hot, inhibited acid 
.bath (12% H.SO,), which is ordinarily used by 
dipping for periods ranging from 3 to 10 min. 
at 150° F. Sometimes, however, phosphoric- 
acid pickle must be used to comply with cer- 
tain military specifications. After all of these 
pickling baths, rinsing must be thorough and 
should be done with cold water. 


Zinc Phosphate Dip Baths 


The zinc type is the most widely used heavy- 
metal phosphate bath, particularly with parts 
to be painted. The operations must be carried 
out in an installation with a minimum of five 
stages. We are concerned here with the dip- 
ping application. 

After the bath is made up, it must be “broken 
in”; that is, it must acquire a small amount of 
dissolved ferrous phosphate. One may simply 
tolerate a little poor work during the first loads, 
until some iron has gone into solution, or some 
sludge left from a pre- (Continued on p. 116) 
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Metal-Metal Oxide Composites 
for High-Temperature Use 


By KLAUS M. ZWILSKY 


and NICHOLAS J. GRANT* 


Given the same base metal, dispersion-strengthened composites are stronger 
(at higher temperatures and for longer times) than their counterparts 

in age-hardenable alloys. The superiority of these materials 

is the result of increased stability which is attributed to 

their resistance to recrystallization up to temperatures near 

the melting point of the base metal. (J27, Q-general; 6-70) 


Ix rue Last YEARS, engineers have 
been combining powdered metals and refrac- 
tories to produce materials with improved 
mechanical properties at room and elevated 
temperatures. Dispersion strengthening, as this 
technique is called, consists of dispersing a 
finely divided refractory throughout a metal 
matrix (generally by powder metallurgy means), 
followed by deformation (usually through ex- 
trusion) of the composite. The finely dispersede 
phase gives the composite material very high 
creep resistance and structural stability at high 
temperatures. Since the metal remains as the 
continuous phase, properties such as ductility 
and workability remain metallic in character. 


“SAP” Composites Were First 


The potential of this strengthening mechan- 
ism was first realized in the aluminum-alumi- 
num oxide system. Aluminum forms a very 
stable, thin, adherent oxide film, the thickness 
of which can be controlled to 0.01 micron or less 
on individual particles. These particles can 
then be consolidated by compacting, sintering 
and hot extruding to produce mixtures con- 


*Dr. Zwilsky is director of research, New Eng- 
land Materials Laboratory, Inc., Medford, Mass., 
and Dr. Grant is a professor in the Department of 
Metallurgy, Massachussetts Institute of Technology, 
Cambridge, Mass. 
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taining a fine well-distributed dispersion of 
alumina within the aluminum matrix. Such 
sintered aluminum powder, or “SAP”, compos- 
ites can be produced with 0.5 to 20 vol.% of 
oxide, thus providing a series of composites 
which get stronger and become lower in ductil- 
ity with increasing oxide content. 

From the beginning, it was recognized that 
these materials had high resistance to recrystal- 
lization and deformation at elevated tempera- 
tures. For instance, in a recent study a SAP 
composite containing 10 to 14 vol.% alumina at- 
tained a hardness of Rockwell F-87 when cold 
rolled 29%. Annealing for 124 hr. at 1140° F. 
(615° C.) dropped the hardness only three 
points, from Rockwell F-87 to 84. Engineers 
have also proved that SAP has higher stress-to- 
rupture properties at 900° F. (480° C.) than do 
the best age-hardened aluminum alloys at 
600° F. (315° C.). This superiority is associated 
with unusual flatness of slope of the curve 
which relates log stress and log rupture life of 
the dispersion-hardened alloy, and the absence 
of structural instabilities which can result in 
poorer load-carrying capacities over long times. 


Applications to Other Systems 


Unfortunately, few other metals form the 
thin oxide coatings typical of aluminum. In 
submicron powder sizes, many of the engineer- 
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Fig. 1 — Stress-Rupture Prop- 


erties of Pure Copper and Two 
Copper - Alumina Composites 
at Two Temperatures. Note 
that larger amounts of the dis- 
persed constitutent, alumina, 
strengthen the composite. The 
alumina particles inhibit re- 
crystallization of the copper 


Stress, 1000 Psi. 


ing metals are pyrophoric, or develop oxides 
which are too thick, or yield oxides which are 
not sufficiently refractory or stable at elevated 
temperatures. Furthermore, some of the less 
refractory oxides are quite plastic at extrusion 
temperatures, and coalesce into rather coarse 
globules which do not produce dispersion 
strengthening. 

A number of methods have been investigated 
to disperse a second phase throughout a metal 
matrix. Of these, the two which are most im- 
portant are “mechanical mixing” and “internal 
oxidation”. In terms of general usefulness, 
mechanical mixing has found the widest appli- 
cation because it is a relatively fast, inexpen- 
sive method for preparing alloys on a pilot-plant 
scale. The two powdered phases are mixed in a 
ball mill or a high-speed blender and heat 
treated at a low temperature in a reducing at- 
mosphere to eliminate unstable oxides. The 
blended powder can then be vacuum-com- 
pacted and hydrostatically pressed into billet 


Fig. 2 — Stress-Rupture and 
Creep Rate Curves for a 
Copper-Alumina Composite, 
Pure Copper, Monel, and 
Type 340 Stainless Steel. 
Above 1240° F. (670° C.), 
the composite has the high- 
est rupture strength. It also 
exhibits a higher stress for 
a creep rate of 0.001% per 
hr. above 910° F. (490° C.) 


Stress, 1000 Psi. 
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form. Hot working, the last step, is usually 
carried out by extrusion. 

For optimum strengthening, however, the 
internal oxidation method is superior to any 
other technique investigated so far. A dilute, 
metallic solid solution, having as the solute 
element a metal capable of forming an in- 
soluble, refractory oxide, is exposed to a partial 
pressure of oxygen for the proper time and 
temperature. The solute metal then oxidizes 
to a finely dispersed refractory oxide, leaving 
the solvent metal or alloy (which is more re- 
sistant to oxidation) in a pure form. Composites 
formed in this manner have a much more uni- 
form structure and finer interparticle spacings 
than composites made by other methods. In 
actual demonstrations, alloys formed by this 
technique have shown levels of high-tempera- 
ture strength similar to those measured for the 
SAP alloys, but with considerably smaller quan- 
tities of oxide. 

Thus far, however, the commercial unavail- 
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Fig. 3 — Annealing Curves (1 Hr. at Tempera- 
ture) for Three Copper-Alumina Composites as 
Extruded and Pure Copper, 50% Cold Worked. 
Note that recrystallization, which begins at 
about 400° F. (200° C.) in the pure copper, is 
inhibited in the composites up to a few degrees 


ability of fine solid-solution powders and the 
long exposure times necessary for successful 
internal oxidation have confined studies to a 
limited number of alloy systems. Also, this 
process is inherently more expensive than 
mechanical mixing or other techniques. 


Copper-Aluminum Oxide Composites 


Stress-rupture data were obtained at two 
temperatures for a copper-10 vol.% alumina 
composite prepared by mechanical mixing. 
When compared with pure copper (100-hr. 
rupture life), the copper-alumina composite was 
9.5 times as strong at 840° F. or 450° C, (24,800 
against 2600 psi.) and 14 times as strong at 
1020° F. or 550° C. (17,000 against 1200 psi.). 
Further, the copper-alumina aggregate ex- 
hibited a flat, stable slope without the usual 
equicohesive break evident in the curves for 
pure copper. The large increase in the yield 
strength, from 8000 to 60,500 psi., Was accom- 
panied by a decrease of only 35.4% in the con- 
ductivity of the copper-alumina composite 
compared to pure copper. 

Figure 1 presents stress-rupture data at 

’ F. (450° C.) and 1560° F. (850° C.) for two 
copper-alumina combinations internally oxi- 
dized at 1740° F. (950° C.). The composites 
contain 3.5 and 1.1 vol.% of alumina (particle 
sizes: 0.0047 and 0.0083 micron, respectively). 
At 840° F. (450° C.), the 3.5 vol.% alumina 
composite has a 100-hr. rupture strength of 
38,000 psi., better than 14 times that of pure 


copper. 
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below the melting point of copper. The micro- 
graph of the copper-3.5 vol.% alumina annealed 
at 1975° F. (1080° C.) shows that cold worked 
and elongated copper grains persist in the areas 
containing the dispersed alumina particles. Etch- 
ant, ammonia plus hydrogen peroxide; 500 x 


In Fig. 2, the creep and stress-rupture proper- 
ties of the copper-3.5 vol.% alumina composite 
are compared to those of Type 304 stainless 
steel and Monel (70% Ni, 30% Cu.) over the 
range of 840 to 1560° F. (450 to 850° C.). 
Above 1240° F. (670° C.), the copper-alumina 
combination is stronger in terms of the stress 
to give a 100-hr. rupture life than Type 304, and 
it is twice as strong as Type 304 at 1560° F. 
(850° C.). It is also stronger in terms of the 
stress for a creep rate of 0.001% per hr. above 
910° F. (490° C.). 

Some explanation for the strengthening ef- 
fects of the dispersions becomes apparent in 
Fig. 3 which shows annealing curves for three 
internally oxidized copper-alumina alloys. The 
two alloys of higher alumina content show little 
or no recrystallization to within a few degrees 
of the melting point of copper, though pure 
copper recrystallizes in the 480 to 570° F. (250 
to 300° C.) range. In line with the hardness 
data, the micrograph in Fig. 3 reveals that the 
3.5 vol.% alloy recrystallized only about 6% 
when it was annealed for 1 hr. at 1975° F. 
(1080° C.), a few degrees below the melting 
point of copper. 


Nickel and Molybdenum Composites 


Experiments on the mechanical mixing of 
nickel and nickel-base alloys have also shown 
improvements in strength properties. Figure 
4 compares data for (a) nickel-9 vol.% alumina 
composite; (b) pure nickel; (c) an 80% Ni, 20% 
Cr powder with 16 vol.% titanium carbide; (d) 
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Fig. 4—Two Nickel- 

Based Composites Com- — 
pared With Pure Nickel weccabne 

and Nickel Alloys. Note + 

that the carbide and —t— 
oxide dispersions have | 


aided the creep-rupture 
strength considerably 


Stress, 1000 Psi. 


1300 1400 


pure 80% Ni, 20% Cr alloy; and (e) Inconel 700, 
one of the strongest wrought nickel-base alloys. 
The two mechanically mixed composites have 
from three to five times the strength of their 
respective metal counterparts. Comparison of 
the nickel-alumina combination to Inconel 700 
shows that the former has higher stress-rupture 
properties above 1800° F. (980° C.) and is 
twice as strong at 1900° F. (1040° C.). In con- 
trast, Inconel 700 overages at these tempera- 
tures and drops rapidly in strength, while the 
curve for the nickel-alumina composite main- 
tains its flat, stable slope. 

This mechanism of strengthening can also be 
used with the refractory metals, as experiments 
with molybdenum have proved. However, 
difficulties in hot working and fabricating mo- 
lybdenum-metal oxide alloys from powders have 
prevented researchers from reaching optimum 
properties at present. Preliminary experiments 
have indicated that considerable strengthening 
can be obtained with minor additions of hard, 
refractory oxides having a high negative free 
energy of formation, such as Al,O3, Cr2Os, 
ZrO., and While pure molybdenum 
tested in vacuum at 1800° F. (980° C.) at a 
stress of 25,000 psi. fails in about 5 hr., oxide 
additions of 0.1 to 2.0% have produced time-to- 
rupture values varying from 300 to 600 hr. The 
arc-cast molybdenum alloys are still better, 


however. Molybdenum plus 0.45% Ti is one 


of the best of them; it has a 100-hr. rupture 
strength of 40,000 psi. (compared to the 24,000 
psi. for the molybdenum-zirconia composite ). 
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However, by using the optimum oxide content 
and fabrication techniques, it should be possible 
to equal or exceed the rupture strength prop- 
erties of the better arc-cast molybdenum alloys. 
Recent experiments have demonstrated that 
internal oxidation can increase the high-tem- 
perature strength of 0.5% Ti molybdenum alloys 
by 20% and 1.5% Ti (Continued on p. 122) 


Fig. 5—Five Dispersion-Hardened Com- 
posites Rated According to Homologous Tem- 
peratures, T/T,,, Where T Is the Test Tem- 
perature and T,,, Is the Melting Temperature 
of the Base Metal, Both in Absolute Degrees. 
Strengthening factor, f, is the ratio of 100-hr. 
rupture stress of the dispersion-hardened 
composite to that of the pure base metal 
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Electrostatic Painting 
of Kefrigerators 


To MopeRNiIze ITs FINISHING FACILITIES at 
Grand Rapids, Mich., Kelvinator Div. of Ameri- 
can Motors has installed an automatic system 
for painting refrigerator cabinets and doors. 
The installation employs 33 Ransburg electro- 
static painting units and replaces a battery of 
hand spray and automatic air guns. 

The new painting line applies a uniform coat- 
ing of paint 1.8 to 1.9 mils thick on all parts, 
regardless of size. Kelvinator produces four 
basic refrigerators ranging in size from 64 by 
41 by 24 in. to the smallest model which meas- 
ures 36 by 24 by 24 in. With the new equip- 
ment, the company has achieved lower produc- 
tion costs and better quality. Rejects have 
been virtually eliminated and there have been 
substantial savings in paint. 

The changeover to electrostatic painting was 
made during a three-week vacation shutdown 
and required major remodeling. Five water- 
wash spray booths were removed; a new index- 
ing system and more ventilation equipment 
were installed. Workholder centers were en- 
larged to accommodate a variety of models and 
sizes. A circulating line from the paint-mix 
building supplies enamel to a 55-gal. drum in 
the paint room, and a separate circulating sys- 
tem takes it from the drum, through heaters 
and filters, to the electrostatic units. The in- 
stallation is enclosed in a pressurized room with 
temperature maintained at 80° F. 

After fabrication, refrigerator cabinet shells 
and doors are hung on an overhead line for 
cleaning. The work goes through a six-stage 
phosphating line which includes cleaning, a 
hot-water rinse (140 to 150° F.), a cold rinse, 
phosphate application at 160° F., another cold- 
water rinse and, finally, a rinse in deionized 
water. The work is then transferred from the 
overhead line to a 1260-ft. long floor conveyor 
operating at speeds from 12 to 24 ft. per min. 

Sides of cabinet shells and doors are painted 
at the first electrostatic station (Fig. 1) con- 
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Fig. 1 —Ransburg Moving-Bell Atomizers Auto- 
matically Paint Refrigerator Cabinets and Doors on 
Kelvinator’s Finishing Line. Electric eyes selec- 
tively trigger the paint on and off between parts, 
and limit switches re-position the electrostatic 
painting units to accommodate different sizes 


sisting of four reciprocating units, two on each 
side of the line. Each unit has three atomizing 
bells, mounted one above the other. The 4-in. 
bells, rotating at 900 rpm., move up and down 
on a short stroke to apply a uniform coating of 
paint electrostatically. As parts of different 
sizes move in front of painting units, the bells 
(controlled by limit switches) move away from 
or toward the work to maintain proper paint- 
ing distance. Paint is triggered on and off auto- 
matically by photoelectric cells. 

As the cabinets move toward the second sta- 
tion, they are turned by an indexing system. 
Backs of cabinets are painted with a three-bell 
reciprocating unit as another painting unit, 
mounted overhead, applies the first coat to 
cabinet tops. 

After a short flash-off, the bells are automatic- 
ally triggered for another application of paint 
to cabinet tops. Cabinets are indexed back to 
their original position before entering the final 
electrostatic station for a second coating on the 
sides. 

After being painted, cabinet shells and doors 
move into a gas-fired oven to bake at 305° F. for 
30 min., and are then transferred to the produc- 
tion line for final assembly. S$ 
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Northwest's Interlox Spray Process now assures high 
efficiency phosphate coatings, without precleaning, 
even at low temperatures: 


The Interlox Spr uperiority 
through more tha two years 
of field testing, 3 

tions on everything from 

ture to lighting fixtures and scientific 


instruments. 


CHECK THESE ADVANTAGES 
No alkali carry-Ove™: 


Lower maintenance 
costs. 


vo loose coating, 
(white powder or smut) - 


5 1018 2025 


9 
ws 
2 


Lower operating tem- 
peratures. 


Fewer plugged nozzles. 
Less hard scale. 

if No flash rusting. 

y Better smut removal. 

” Less control time 
required. 


Complete removal of 
oxidized oils. 


Northwest's consulting engineers will gladly survey your 
operation and submit recommendations. No obligation. 


Licensed Manufacturers: ALERT SUPPLY co. Los Angeles, Calif. * ARMALITE COMPANY, LTD. Toronto, Caneda 


Circle 773 on Page 48-8 
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The method is simple, 70° com- 
os plicated controls OF expensive q 
ingredients - A specially devel- 7 
oped neutral cleaner is added 
DIRECTLY to the phosphate q 
bath in whatever proportion 
4 is indicated by requirements: 
Maximum wetting without foam, 
is an accomplished fact and 
a fine-grained phosphate de- 
osit is the result. 


LETTERS to tHe EDITOR 


More About Bells 


Orrawa, ONT. 


Harold Roast’s article on Big Ben 
(“A Century-Old Test of Metal”, 
Metal Progress, December 1960, 
p. 99) triggered some memories of 
Riga High School (around 1911) 
and the painful memorization of a 
425-line, 160-year old poem by 
Schiller, “Das Lied von der Glocke” 
(“The Song of the Bell”)*. 

Schiller seems to have been a very 
good observer (for a poet!): He 
mentions, among other things, a clay 
mold, specially dried; alloying of 
copper with tin; fluidity of alloy; de- 
gassing; adding of potash; poling; 
judging of temperature by color; 
sampling; fracturing sample and ob- 
serving dendrites; master’s orders 
for tapping; casting; “fire-brown” 
stream; risk of mold bursting (due 
to hydraulic pressure); slow cooling; 
removing mold material; christening 
the bell “Concordia”, hanging it up 
and tone testing. 

Another bell then came to mind 
—a “walk-in” type, displayed on a 
pedestal in Moscow. (I stepped 
into it in 1916 and it was the size 
of a log cabin.) I do not recall 
whether it cracked after hanging or 
for another reason, but a door-size 


*Published by D. C. Heath & Co. 


chunk was missing and _ visitors 
walked in and out. Anyway, this 
one was not as good as the Big Ben. 


R. PuTNAERGLIS 
Associate Professor of Engineering 
Carleton University 


“Hypereutectic’ or 
“Hypoeutectic ? 
READING, Pa. 


Your June 1961 issue contains an 
article by Peter Payson, titled “High 
Speed Steels Meet Tool Needs — I”. 
In the article, high speed steel is 
referred to as a hypereutectic steel. 
We feel there has been an error in 
describing the steel in this manner. 

The most widely accepted data 
on the freezing of high speed steel 
is K. Kuo’s article in the Journal of 
the Iron and Steel Institute, Vol. 
181, 1955. As can be seen in his 
quasibinary diagram, a hypereutectic 
high speed steel would necessitate 
much greater than 2% carbon. 
Basic knowledge of the microstruc- 
ture of cast high speed steel indi- 
cates that the steel is not hypereutec- 
tic. To be hypereutectic, primary 
crystals of carbide would have to be 
present in the microstructure. The 
fact that austenite and carbides are 


present up to the solidus, an argu- 
ment Mr. Payson employed, does 
not necessitate that the steel be 
either hypereutectic or hypereutec- 
toid, since in this complex alloy sys- 
tem the hypoeutectoid region con- 
tains several phases, carbide being 
present up to the solidus. 

JAMEs R. OBERHOLTZER 

Assistant Metallurgist 

Tool & Alloy Research 

Carpenter Steel Co. 


Autuor’s Repvy — In reference to 
Mr. Oberholtzer’s comments concern- 
ing my article, I already have had 
a discussion with some of my asso- 
ciates on my unfortunate selection 
of the term “hypereutectic” to de- 
scribe the structure of high speed 
steels. I have been convinced this 
was an error. Unfortunately, this 
discussion was held after the article 
had gone to print. 

I now believe it is best to avoid 
trying to classify so complex a sys- 
tem as a high speed steel composi- 
tion in the terms that are useful for 
the simple binary systems. For the 
high speed and high-carbon, high- 
chromium steels, I believe it is suf- 
ficient to state that the steels consist 
of austenite and residual carbides 
right up to the solidus temperatures. 

PETER PAysON 
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Control panel of a Carpenter consumable electrode (Consumet) furnace. Electronic circuits maintain positive arc control 
and precise electrode movement to assure the ultimate in refining. 


Where /arpenter's “big inch” makes a mile of difference in alloy quality 


The “big inch” in Carpenter's consumable electrode (Consumet®) furnace is the 

extra space between the consumable electrode and the mold wall. (Conventional 

furnaces of this type are almost ¥% smaller at this vital point.) The “big inch” in 

Carpenter's furnace provides more exhaust space to carry off harmful gases. It also 

gives Carpenter technicians more precise vacuum control during the arc strike as 

well as during the entire melting process. As a result, you get cleaner, more uniform 
alloys from core to surface. Segregation and variation in grain size are minimized . . . to assure you 
consistent, predictable performance from your vacuum melted alloys. The “big inch” is only one 
of many exclusive Carpenter quality controls in consumable electrode, MEL-TROL® and vacuum- 
induction-melted (VacuMeltrol®) specialty steels. Ask your Carpenter representative for the full 
story behind these alloys and how they benefit you. 


arpenter 


you can do it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Export Dept., Port Washington, N.Y.—“CARSTEELCO” 

Alloy Tube Division, Union, N.J. 

Webb Wire Division, North Brunswick, N.]. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Time-tested equipment. . . 
plus progressive engineering . . . to meet f 


your heat-treating requirements 


Progressive things are happening at Hones to bring to- 
gether the experience of years in industrial heating 


equipment and the forward-looking concepts of modern 


engineering skills. The time-tested “Buzzer” line needs 
no blowers, power or other auxiliary equipment to effect 
combustion; simply connects to the available gas supply. 


J CHARLES A. 
Lacie Files Up 
To Date? 
123 S. Grand Ave., Baldwin, L.I., N.Y. 
ix Melting Furnaces Venturi Air Mixers Soldering Furnaces 
MANUFACTURERS OF “BUZZER” EQUIPMENT FOR 
HEAT. TREATING - MELTING - SOLDERING... SINCE 1911 4 
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(Continued from p. 107) 


vious bath or crusted on the side of 
the tank may supply the desired 
trace of iron. Frequently, a new 
steel tank will impart enough dis- 
solved iron to the bath. One may 
either suspend some cleaned steel 
wool in the fresh bath, or clean up 
some scrap iron and immerse it for 
a short time, or introduce a little 
clean iron powder. Another method 
is to add 6 oz. of ferrous iron phos- 
phate to each 100 gal. of bath. 

If sodium nitrite is to be used as 
an accelerator, it should be added 
with whatever is used for break-in. 
The bath should now have a some- 
what milky appearance and be ready 
for operation. 


Operating Dip Baths 
During dip phosphating, all sig- 


nificant surfaces should be in a 
vertical position and openings to in- 
terior surfaces should be provided. 
The workpieces should not touch 
each other, should be above the bed 
of sludge, at least 2 in. below the 
surface of the liquid and well away 
from sides of the tank. Best re- 
sults are obtained when the volume 
of the bath is large in relation to 
the total mass of work surfaces. 
Preferred immersion periods and 
working temperatures are called out 
in the instructions supplied with the 
phosphating chemicals, but some- 
times these must be varied some- 
what according to circumstances. 
Most of the coating will go on with- 
in the first minute or so; however, it 
will usually be thicker and of better 
quality the longer the work remains 


in the bath. 
Other Dipping Methods 


There are a few modifications of 
the simple dip procedure. For ex- 
ample, parts may be carried through 
the tanks on conveyors. With this 
arrangement, speed of the conveyor 
and the length of the tanks are im- 
portant factors which need to be 
considered to insure adequate proc- 
essing time. 

Another variation is that of the 
tumbling barrel, a unit chiefly used 
with small parts in mass produc- 
tion. Parts are loaded into tum- 
bling barrels with the load usually 
occupying about one third of the 
volume. The tumbling barrels are 
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The objects shown above are the individual parts and the final 
brazed assembly of a solid copper, vapor-cooled anode used in a 
400 kw continuous output triode. It’s produced by the Machlett 
Laboratories, Springdale, Conn. There are 28 parts in all and the 
assembled unit weighs 85 lbs. A total of 51 areas and 20 feet of 
surface must be brazed in one operation. Strong, uniform, vacuum- 
tight joints are essential. 

A Harper pusher-type box furnace equipped with vertical 
GLOBAR® silicon carbide electric heating elements does the job. 
Brazing is done in a hydrogen atmosphere protected by purging 
chambers using nitrogen and hydrogen. Operation is continuous— 
24 hours a day. 

GLOBAR elements make possible the precise control—at 2200 F— 
necessary for this critical operation. They offer the advantage of 
clean heat, independent of the atmosphere. The rod type elements 
simplify furnace design. Maintenance requirements are small— 
furnace refractory has been changed only once in 4 years, indi- 
cating the mild conditions to which brick is subjected with this type 
of heating. Heat loss is so low that working areas are located im- 
mediately adjacent to the furnace. 

Why not investigate the advantages of GLOBAR electric heating 
for your brazing or heat-treating job? Consult your furnace builder 
or write to Refractories Division, Globar Plant, Dept. MO-81, The 
Carborundum Co., Niagara Falls, N. Y. 


CARBORUNDUM 
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How to braze 28 parts of one assembly at one time 


For precise, economical 
electric 
heating 


GLOBAR 
silicon carbide 
heating elements 


Shipped from stock or within 
two weeks. 


Temperatures from 1400 to. 
2800 F, precisely controlled, 
independent of atmosphere. 


Easily replaced from outside 
without waiting for furnace 
to cool. 


“On line” operation for many 
applications—no transformer 
necessary. 


Elements 4” to 105” in length. 


For greater economy in heat 
treating, brazing, forging, 
melting and sintering. 


Chromel-Alumel 


THERMOCOUPLE ALLOYS 


a complete family 

of time-tested materials 
developed especially to meet 
your particular application 
requirements 


Remarkable alloys, Chromel and Alumel—in many more ways than one. 
For although they were discovered over 50 years ago, they’re still new 
today. As new as the newest need for accurate temperature measurement— 
still the only base metal thermocouple alloys known that have proved their 
reliability over the entire range of temperatures from —300° up to +2300°F. 
What’s more, in addition to the original standard materials guaranteed 

~ to register true temperature-emf values within +4°F. from —300° up to 
+530°F. and within +0.75 % from +531°F. up to maximum recommended 
operating temperature, they are now available in the following special grades 
to meet the exacting requirements of your particular applications: 


Specification 3G -196 Specification 3G-115 
and Alumet thermocouple 


A special grade of Alumel wire 
possessing outstanding resist- grade material of guaranteed emf 
reducing or corrosive environ- 4 ance to oxidation at high temper- that is specially processed to close 


atures. Developed especially for ~_ gesistance limits. Typical uses in- 
use in such atmosphere appli- Chude measuring exhaust tem- 


the critical operating range be- t 
cations operating above 1600°F. peratures of jet aircraft engines. 


"Specification 36-178 


Special research grade Chromel 

and Alumel thermocouple wires 

for precision laboratory work. 

Accuracy ,is guaranteed within 

#=2°F. from up to +530°F., 
) % 


Specification 3G-170 Specification 3G-187 
A special grade of Chromel and 
Alumel thermocouple wire devel- 
oped for use in nuclear reactor 
applications. Has good stability of 
emf during long time exposure at 
temperatures up to 1000°F. 


Specially processed Chrome! and 
Alumei thermocouple grade wires 
matched to closer than standard 
emf tolerances for applications 
requiring accuracy within =5°F. 
at temperatures above 1000°F. 


3 Specification 3G -161 


Spec 


vide a smooth, bright, semi-hard 
material properly tempered for 
heading operations. 


rolled rod and cold drawn wire 
specially processed to obtain 
proper temper for machining. 


«Guaranteed. millivoltage Chrome! Guaranteed millivoltage Chrome! A special grade of Chrome! and 
ue and Aiumei thermocouple grade and Alumel thermocouple grade Alumel wire processed for use 
ie wire specially processed to pro- alloys supplied in the form of hot in sheathed thermocouple units. 


Available with emf guaranteed 
to within standard tolerances 
and also to 4% standard limits. 


Complete New Catalog-Manual contains detailed in- 
formation on the entire family of Chromel-Alume] 
thermocouple grade alloys—plus much helpful tech- 
nical application data. Write for your copy today! 


*The words “‘Chromel” and “‘Alumel” are registered trademarks of 


HOSKINS MANUFACTURING COMPANY 
4445 Lawton Avenue « Detroit 8, Michigan 


tn Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 


Producers of Custom-Quality Resistance, Resistor and Thermoelectric Alloys Since 1908 
Circle 777 on Page 48-B 
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conveyed from one stage to the next 
and are suspended and rotated at 
about 4 rpm. within each bath. 
After the barrels have passed 
through all stages of the phosphating 
installation, their loads are usually 
dumped into a centrifuge in which 
the liquid is whirled off. Ordinar- 
ily, any further drying by hot air is 
not required because the parts are 
usually warm and can be dried quite 
well by the centrifugal action. Dur- 
ing phosphating, the parts are, of 
course, jostled against each other. 
Sharp corners and edges gouge into 
the coating already formed, but the 
scratches are subsequently healed 
by more phosphating. There is 
usually an adequate coating al- 
though the finished parts are cov- 
ered with superficial lines and scars. 
After drying, the parts may then be 
placed in other tumbling barrels to 
be oiled or coated with various 
organic products. 


Maintaining Dip Baths 


Testing and adjustment should be 
done frequently enough to insure 
that correct operating conditions are 
always maintained. A typical phos- 
phating solution may contain as lit- 
tle as 1.4% of actual phosphating 
substance and a portion of this must 
go into every square inch of coating. 
Hence, phosphate baths must be 
frequently replenished. Large bath 
volume in relation to the surface 
area of the work is the best combi- 
nation; conversely, if the surface 
area to be treated is large and the 
bath small, then the phosphating 
substance will be rapidly consumed 
and the bath will grow weak. 

It is necessary to add water to the 
bath to maintain the original work- 
ing level, and to clean out sludge 
with reasonable frequency, depend- 
ing upon how heavily the bath is 
being worked. Formation of a bed 
of soft sludge on the bottom of the 
tank and a hard crust over the heat- 
ing units and sides of the tank, being 
unavoidable, are normal features of 
zinc phosphate baths. Ordinarily 
the sludge will not cause undue in- 
convenience provided it is cleaned 
from the bottom and sides from 
time to time and knocked off the 
heating units. However, because 
sludge is present, baths of this type 
can not be agitated. It is true that 
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the new 
Norton 
catalog?” 


You bet it is! 


It’s dog-eared and marked up because 
it’s in constant use by men who want 
better materials — high purity refractory 
materials which will stand up under the 
most extreme thermal, mechanical, chem- 
ical, electrical, and radioactive conditions. 


This valuable, well-illustrated reference 
describes in detail the many Norton re- 
fractory materials which are helping to 
solve widely different product and proc- 
essing problems. Uses range from aiding 


chemical reactions to stopping neutrons, 
handling molten metals, protecting rocket 
engines — and taming lightning. 

Catalog lists physical, chemical and 
electrical properties of CRYSTOLON* Sili- 
con Carbide, ALUNDUM* Aluminum Oxide, 
MAGNORITE* Magnesium Oxide, NORBIDE* 
Boron Carbide, and Fused Zirconia. It’s 
thought-provoking...areal “‘idea-starter!”’ 


You may well profit from this book in 
solving your own processing problems. 
No charge or obligation, of course, write 
for “Norton Refractory Grain,” 


NorTON ComPANY, Refractories Division, 
327 New Bond St., Worcester 6, Mass. 


*Trade-Marks Reg. U.S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered ... R Prescribed 


75 years of... Making better products...to make your products better 
NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Refractories + Electro-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives + ‘Sharpening Stones + Pressure-Sensitive Tapes 
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PROBLEM... 


WE NEED INSTRUMENT 


TO DO ROUTINE ANALYSES 


AND THE "ODD SAMPLE." 


SOLUTION eee 


CONVERTIBLE EBERT 
SPECTROGRAPH 


You can speed routine analyses photo- 
electrically, and still solve tough 

"odd sample" or research problems photo- 
graphically—all with the same versatile 
instrument. No attachments to mount 

» « »« no tedious realignment. With the 
‘turn of a single control you can convert 
from full-range spectrographic analysis 
to high speed direct-reading analysis of 
as many as 20 elements simultaneously. 


With the Jarrell-Ash 3.4 Meter 
Convertible Ebert Spectrograph, you'll 
enjoy flexibility that lets you tackle 
a greater variety of materials ... 
analytical range to detect unsuspected 
trace elements . . . speed to handle 
more samples per hour, keeping quality 
control in step with production. And 
add to these the footstep-saving 
convenience of a single basic instrument 
with all controls centrally grouped. 


Why not write for further information. 
Any questions, basic or complex, will 
be welcome. Better yet, invite a 
Jarrell-Ash engineer to show you first- 
hand how this instrument will make your 
analytical efforts more rewarding, your 
lab operations 
more productive 
and profitable. 


| Jarrell 
_ JARRELL-ASH CO. 
26 Farwell Street sh 


Newtonville 60, Mass. 
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Phosphating . . . 


spray baths are considerably agi- 
tated, but the agitation is not from 
the bottom and the liquid is passed 
through screens which keep much of 
the sludge away from the nozzles. 


Management of Ferrous Iron 


The zinc-phosphate bath, with no 
other heavy metal present, produces 
crystals which are very light gray in 
color and rather transparent when 
viewed under the microscope. Zinc 
phosphate is more corrosion resist- 
ant than iron phosphate, but the 
zinc phosphate crystal is less ad- 
herent to the surface. For this rea- 
son, zinc phosphate alone is not 
ideal; it should be supplemented by 
another heavy metal, such as nickel 
or iron, that becomes mingled with 
it. This, of course, occurs readily 
when the bath is working on steel; a 
little iron is dissolved continually 
from the steel surface and deposits 
with the zinc phosphate crystal. As 
a result, the coating becomes darker 
in color, more opaque, and more ad- 
herent to the surface. As the iron 
content builds up, the coating tends 
to become thicker, darker, more 
porous and softer. Should the iron 
buildup continue unduly, harmful 
effects such as colored blotches, 
loose powder and “sparkle” occur. 
If thin, smooth, tight coatings are 
desired as a base for paint, only a 
small amount of iron, (about 0.1 to 
0.15% of the bath) should be per- 
mitted. This is regulated by the 
proper use of oxidizing “accelerator” 
agents. On the other hand, for 
thick, rather porous coatings, the 
ferrous iron content is allowed to 
build up to a relatively high level — 
about 0.25 to 0.4%, calculated on 
the total weight of the bath. 


Coating Zinc and Cadmium 


Zinc-phosphate baths can also be 
used to coat galvanized and cad- 
mium-plated surfaces. The general 
principles are much the same, but 
there are some special considera- 
tions. For one thing, iron cannot 
be picked up from the surface ex- 
cept at cut edges. Should the work 
loads be such that some iron sur- 
faces are included along with the 
galvanized pieces, then the problem 
is solved. Otherwise, it may be ad- 
visable to introduce steel wool, scrap 
iron, or to provide a certain amount 
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TEXACO QUENCHING OILS 
ASSURE THE RIGHT COOLING RATE 


FOR ANY QUENCHING APPLICATION 


Because steels vary widely in analysis, Texaco offers four 
different quenching oils—each with a different cooling 
curve. QUENCHTEX 500, a straight mineral oil, is 
made for conventional quenching. QUENCHTEX 510 
and 520, both additive-type oils, are made for medium 
and high-speed quenching. MARQUENCH is for ele- 
vated temperature quenching. 


UNIFORM HARDNESS 
AND IMPROVED GRAIN STRUCTURE 


Since quenching is always at the correct rate, you get 
uniform hardness and improved grain structure in every 
piece—with no darkening of metal. Texaco quenching oils 
also have exceptional stability at recommended tempera- 
tures and high resistance to oxidation. 

Compatibility with other oils means you can use 
QUENCHTEX regardless of the oil now in your tanks. 


ANALYSIS AND 
TECHNICAL BULLETIN 


A Texaco Metalworking Engineer will be glad to evalu- 
ate your system and take the necessary steps to recom- 
mend the proper Quenchtex for make-up. 

You'll find much helpful information in Texaco’s 
booklet “Quenching and Hardening.” For your free copy, 
contact the nearest of the more than 2,300 Texaco Dis- 

° tributing Plants, or write Texaco Inc., 135 East 42nd 
Street, New York 17, N. Y. 


STILLWATER 185°F 


1200 
PARTS COMING OUT OF A QUENCHTEX BATH at Hoover Ball 
and Bearing Co., Ann Arbor, Mich. 
QUENCHTEX 


L510 150°F 
— QUENCHTEX 500 Tune In: Texaco Huntley-Brinkley Report, 
/ Ww Mon. Through Fri.-NBC-TV 
ating guencatex 7 —— 
40° 
TEXACO\ 


F 


TEMP., 


5 10 15 20 2' 
TIME SECS. 
COOLING CURVES for QUENCHTEX 500, 510 and 520 as com- Throughout the United States 


pared with air and water. Canada + Latin America + West Africa 
MT-91 
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PANORAM-X 


“It will fit into places and do things 
others can’t.” This is an operator's 
comment about the new, low-cost 
Westinghouse Baltospot 150 indus- 
trial x-ray unit. It penetrates 154” 
of steel. 

One man can easily operate either 
55-pound model: the PANORAM-X 
(pictured) permits 360° radiography 
with 20° forward-throw beam pro- 
jection, plus adaptability to single 
beam use; and the DIRECTIONAL 
BEAM model with wide angle, 60° 
single beam. 

X-ray port near the end means sure 
coverage. Only 10” in diameter, the 
unit is weather-resistant, shock- 
proof and operates on 110 volts. 


For more information: 
Westinghouse X-Ray Department, 
2519 Wilkens Avenue, Baltimore 3, 
Md. You can be sure .. . ifit’s 


Westinghouse 


Phosphating . . . 


of iron compound to the bath. An- 
other expedient, which is more com- 
mon, is to supply a fairly generous 
proportion of nickel phosphate. 
(Nickel has somewhat the same ef- 
fect as iron.) 

An example of an especially diffi- 
cult surface is that of hot-dipped 
zinc. Spangles must be covered uni- 
formly, and, furthermore, galvanized 
surfaces from different mills will 
differ considerably as to spangle and 
other surface characteristics. To 
meet these difficulties, one must 
sometimes resort to special agents 
such as fluorides (about 0.1% of the 
bath) not ordinarily found in the 
other heavy-metal phosphates. 
Electrolytic zinc and cadmium plate 
do not present any difficulties. 

These comments have dealt with 
some of the necessary features of 
phosphating systems and with oper- 
ating techniques for zinc phosphate 
dip baths. Next month, zinc-phos- 
phate spray systems and methods 
for applying another heavy-metal 
coating, manganese phosphate, will 
be dealt with in a similar manner. A 
third part, to appear in the Novem- 
ber issue of Metal Progress, will ex- 
plore some of the recommended op- 
erating practices for “iron” phos- 


phate coatings. 


Composites . . . 


(Continued from p. 111) 
molybdenum alloys by as much as 
250%. 

The plot in Fig. 5 on p. 111 com- 
pares the relative strengthening ob- 
tained in several alloy systems at 
elevated temperatures. The strength- 
ening factor, “f”, is defined as the 
ratio of the 100-hr. rupture stress 
for the dispersion-hardened alloy to 
the 100-hr. rupture stress for the 
pure base metal. For a given homo- 
logous temperature (the ratio of test 
temperature to the melting point of 
the base metal, both in absolute de- 
grees), the largest degree of strength- 
ening obtained so far is for SAP and 
the internally oxidized copper- 
alumina alloys. They are followed 
by the mechanically mixed copper- 
alumina alloys. In each alloy system, 
the degree of strengthening can be 
related to the fineness of the dis- 
persion. Interparticle spacings have 
been reported to be 0.35 micron for 
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Faster Production—Park Drop Forge Company 
reduced the heating time on these giant crankshafts 
from 1% hours with an oil type furnace to 22 
minutes with a new 60 cycle TOCCO Induction 
Heating setup. Six TOCCO heating stations furnish 
a crankshaft to the upsetter every 3% minutes. 
About 14” of the 10” diameter end of these 12 
foot long crankshafts is heated to 2200° F. for 
upsetting the end flanges. 


Other Advantages—Park Drop Forge engineers 
report practical elimination of scale which vastly 
increases the life of expensive upsetter dies. Also 
better metal flow is obtained because of TOCCO’s 
uniform heating. 

Most importantly, working conditions are greatly 
improved because of TOCCO’s lack of radiant heat 
and gases. Workers can now perform all day— 
even on hot summer days—an impossibility with 
the old oil furnaces. 

If you have a metal heating problem—forging, 
heat-treating, brazing, soldering or melting—why not 
investigate TOCCO for fast, economical results. 


Diesel locomotive crankshafts, each weighing nearly 
3000 pounds, being heated for upsetting the end flange 
at Park Drop Forge Company. 


eating Time Cut 


eco 
Induction Heating 


Mail Coupon Today— NEW FREE Bulletin 
The Ohio Crankshaft Co. + Dept. R-8, Cleveland 5, Ohio 
Please send copy of “Typical Results of TOCCO Induction Heating 
for Forging and Forming” 
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Do your high alloy castings show a ten- 
dency to sag at 1800 to 2200°F? Is the 
operation important enough to use an 
alloy that stays firm at that temperature 
range? 


Then HOM is your casting requirement. It would take an 
unusually heavy load to deform this metal. It was developed 
by Duraloy metallurgists to be usable over that high tem- 
perature range—another milestone in the ever broadening 
services available to industry through Duraloy. 

Why not discuss your extra high temperature problem with 
our metallurgical staff? Send for Bulletin G-261. 


URALOY 


OFFICE AND PLANT: Scottdale, Pa. 
EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y. 
CHICAGO OFFICE: 332 South Michigan Avenue, Chicago, Ill. 
DETROIT OFFICE: 1025 Maple Road, Troy, Mich. 
HOUSTON OFFICE: 4101 San Jacinto, Houston 4, Texas 
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SAP, 0.3 micron or less for internally 
oxidized copper-alumina alloys, and 
2 to 10 microns in the mechanically 
mixed alloys. Finer dispersions were 
obtained in mechanically mixed cop- 
per-alumina alloys than in_nickel- 
alumina alloys because of the finer 
size of the metal powders used (1 
micron for copper particles against 5 
microns for nickel particles). 

It should be remembered that the 
relative degree of strengthening ob- 
tained for each alloy system is also 
dependent on the purity and, there- 
fore, the relative strength of the base 
metal used for comparison. For in- 
stance, the 100-hr. rupture stress at 
high homologous temperatures for 
pure aluminum, copper and nickel is 
quite low (less than 600 psi.), and 
a change of only 100 psi. can thus 
have a significant effect on the 
strengthening factor, “f”. 


Potential Applications 


For dispersion-hardened compos- 
ites, “high-temperature strength” is 
a relative term, the meaning of 
which depends on the metal or 
alloy system involved. For example, 
an increase in operating temperature 
of from 300 to 600° F. for aluminum 
or copper-base metals certainly 
makes a composite superior to any 
conventional solid-solution or age- 
hardened alloy. Since other desir- 
able properties, such as corrosion 
resistance, specific gravity, thermal 
and electrical conductivity, remain 
essentially the same, use for these 
composites can be envisioned for 
many applications which require 
greater resistance to high-tempera- 
ture deformation. 

In addition, if dispersion strength- 
ening would allow nickel or refrac- 
tory metals to be used at tempera- 
tures above those at which present 
alloys lose their strength rapidly, the 
way would be opened to still other 
applications. So far, data have been 
gathered on metals with lower melt- 
ing points, and research and develop- 
ment has attempted to define the 
processing and structural variables 
involved. The effort to translate 
these results to the refractory metals, 
though begun only recently, can be 
expected to show the true potential 
ot dispersion-hardened structures for 
ultrahigh-temperature applications 
in the future. 
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Another Ba Test System at work 


J. E. Rambo, (center) Magnaflux 
Field Engineer discusses test operations 
with Chief Metallurgist S. W. Gearhart, 
and Operator Richard — Birdsboro 
a 


Corporation, Bi 


Cuts Test Time on 1’2-ton Castings from 8 Hours to 30 Minutes 
New Magnaglo Unit Eliminates Production Bottleneck 


The problem was easy to see—too much time and too high 
costs by older methods for inspecting big, complex-shaped 


castings. This new Magnaglo CRV-8 solved it with these 
Testing time was reduced 90%, number of tests per 
four operators were released for other 


results: ... 

casting was reduced 55% 

production tasks. The CRV-8 will have paid for itself in its 
first year of inspection! 

Such results are possible with large castings and complicated 
welded or cast-weld assemblies because of the recently developed 
multi-directional magnetization with 8,000 ampere current, or 

more. One, two or three quick directional “shots,” inspect under 
black light and the whole job is done—by one man! Every defect 
you need to find is precisely located and defined. No over- 
inspection, no under-inspection. 

This multi-directional magnetization is another example of 
Magnaflux’s ability to engineer and supply Test Systems for just 
about any nondestructive test requirement—common or highly 
specialized—with standard, productionized-standard, or custom units 


Do you have a test need? Tell the Magnaflux Field Engineer, or write 
Magnafiux Corporation, 7322 W. Lawrence Avenue, Chicago 31, Illinois 


MAGNAFLUX CORPORATION 
TEST SYSTEMS / wacneric particle FLUORESCENT PENETRANT ULTRASONIC 
EDDY CURRENT + STRESS ANALYSIS + RADIOGRAPHY 
DYE PENETRANT + MAGNETIC FIELD MEASURE + THERMOGRAPHIC 
125 
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Stuart T. Ross 
Stuart T. Ross has been named 
vice-president of research and engi- 
neering at Brooks & Perkins, Inc., 


Detroit. 

A graduate of Purdue University 
(with a B.S. and M.S. degree in 
metallurgical engineering and a 
Ph.D.), he comes to the company 
from the Aeronutronic Div. of Ford 
Motor Co., where he directed re- 
search and development related to 
applications of light-weight, high- 
strength and high-temperature ma- 
terials to weapon and aerospace 
system requirements and manufac- 
turing methods. 

His background in industry in- 
cludes several years as assistant chief 
metallurgist at the Harrison Radiator 
Div., General Motors Corp., Lock- 
port, N.Y., working on the J-65 air- 
craft gas turbine engine program 
as high-temperature materials and 
processing consultant. In 1953 he 
joined Chrysler Corp.’s engineering 
division in Detroit and four years 
later was named manager of the 
metallurgical research department, 
holding this post until he left the 
company two years later. 

Active in many technical groups, 
he was chairman of the A.S.T.M. 
committee on the electron metallog- 
raphy of metals in 1957-58 and sec- 
retary prior to that. 
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Ardrey M. Bounds 


Among the new national officers 
elected by the American Society for 
Testing Materials at its recent an- 
nual meeting in Atlantic City, N. J., 
were ARDREY M. Bounps and BRUCE 
W. Gonser, both new members of 
the board of directors elected for 
three-year terms. 

As chief metallurgist for Superior 
Tube Co., Norristown, Pa., Mr. 
Bounds is in charge of laboratories 
and technical services, including pro- 
duction metallurgy, development 
metallurgy, chemistry and _ elec- 
tronics laboratory as well as sections 
devoted to technical service, raw 
materials and welding. Graduating 
from Lehigh University with a B. S. 
in metallurgical engineering in 1933 
and an M.S. in 1936, he joined 
Superior shortly after its organiza- 
tion and has spent the past 25 years 
in the tubing industry. His work at 
Superior has included the theoreti- 
cal and practical aspects of the func- 
tion of the base metal in thermionic 
emission from indirectly heated cath- 
odes, and extensive studies on fabri- 
cation techniques for the reactive 
metals. 

He is busy on several A.S.T.M. 
committees and in addition is past 
chairman of the Philadelphia Chap- 
ter @. He was instrumental in set- 
ting up the first Junior A.S.M. ac- 
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Bruce W. Gonser 


tivity and has been a member of 
several A.S.M. national committees. 

Bruce W. Gonser, technical direc- 
tor at Battelle Memorial Institute, 
began his career in metallurgy after 
graduating trom Purdue University 
in 1923 with a degree in chemical 
engineering. He served as a research 
fellow for a year at the University of 
Utah, completing his requirements 
for a M.S. degree in metallurgy. He 
gained broad experience in varied 
extractive metallurgy operations in 
the West as a metallurgist and chem- 
ical engineer with the American 
Smelting and Refining Co., then re- 
turned to his studies, receiving his 
doctorate in nonferrous metallurgy 
and metallography from Harvard 
University. Since joining Battelle in 
1934, he has initiated studies on the 
properties and development of uses 
of such metals as titanium, molyb- 
denum, columbium—and many 
others. He was among the first to 
begin research on deposition and 
coating of metals by the decomposi- 
tion of vaporized metal halides. 

Active in A.S.T.M. since 1936, 
he has served on several committees 
including Committee B-2 on Non- 
ferrous Metals and alloys — he was 
chairman from 1948 to 1960. He is 
also on the roster of many other 
technical groups. 
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fister Brass Mfg. Co. Melts Brass 


in Four AM Channel-Type Induction Furnaces 


Your inquiry will be answered promptly. Outline 
your ideas or requirements in letter, or phone. 


J Healing ih our 
Magnethermic 


> 4 CORPORATION 


GENERAL OFFICES P.O. Box 839 + Youngstown 1, Ohio 

TRENTON DIVISION 930 Lower Ferry Road « Trenton 5, New Jersey 
YOUNGSTOWN DIVISION 3990 Simon Road * Youngstown 12, Ohio 
AJAX MAGNETHERMIC CANADA LTD. Box 779 + Ajax, Ontario 


“We conducted an extensive investigation among 
users throughout the country. As a result of our 
findings, we decided that Ajax Magnethermic 
furnaces were the only ones for us. 


“Four Ajax units, each melting 2400 pounds per 
hour, replaced 14 gas-fired furnaces. The results 
have been astonishing. Working conditions have 
improved appreciably by reduction of foundry 
temperature and noise level. We have saved 30% 
in floor space, greatly reduced maintenance and 
practically eliminated down time. 


“Equally important ... service. Even though 
we are located on the West Coast, the Ajax 
Magnethermic service has been second to none.” 


Gottlob Hinderer, Works Manager 
Price Pfister Brass Mfg. Co. 
Los Angeles, California 


Manufacturer of plumbing faucets and gate valves 
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Personals . . . 
V. B. Cassilly — from salesman in 
the Jacksonville, Fla., office of Air 
Reduction Sales Co. to assistant 
manager, sales, for the Tampa, Fla., 
district. 


James M. Kennedy, Jr. — from 
chief engineer of the Rome (N.Y.) 
Div., Revere Copper and Brass Inc., 
to assistant chief engineer in Re- 
vere’s executive offices in New York. 


Rupert Myers, head of the School 
of Metallurgy and dean of the 
Faculty of Applied Science in the 
University of New South Wales, 
Sydney, Australia — has relinquished 
his deanship to serve as pro-vice- 
chancellor of the University. 


William H. Dalman — from assist- 
ant treasurer to treasurer of Stra- 
tegic Materials Corp., New York. 


Ernst M. Goldstein — from Metal 
and Thermit Corp. to the research 
and development department of 
Shieldalloy Corp., Newfield, N.]. 


BETHLEHEM STEEL COMPANY PHOTO Rudolph Smith bas from works man- 


This Olsen’s at home 


Here’s a testing machine just as reliable in the 
shop asin the R/D lab. At the Sparrows Point Plant 


ager of the Pueblo, Colo., plant 
of Colorado Fuel and Iron Corp. to 
executive vice-president, operations. 


Howard Biers, consultant to the 


around hard hats or white coats! United Carbide International Co. — 


elected an honorary vice-president of 
the Iron and Steel Institute in Lon- 
don. He is the Institute’s first Ameri- 
can honorary vice-president since the 
death in 1943 of James Farrell, presi- 


of Bethlehem Steel Company, this Tinius Olsen | dent of U. S. Steel Corp. 


Super ‘‘L”’ is proving its worth every day. 


It's designed to make wire testing easier, 
faster. Crossheads are low centered, grip fronts 
open. Automatic control ‘‘dumps’”’ the load as soon 


Herman C. Ihsen — retired from 
the North American Aviation, Inc. 
Missile Div. after 11% years as de- 
sign consultant on materials. 


as the specimen fractures. These features, plus Robert S. Miltenberger — now 


split cabinet design and precise load indication pro- 


manager, technical development, at 
Great Lakes Steel Corp., Ecorse, 


vide unbeatable testing speed and convenience. Mich. 


Learn how the Super ‘'L”’ will pay dividends in Orlan W. Boston, professor emer- 


your production or R/D testing program. Write | itus of mechanical and production 


today for Bulletin 47-W. Tinius Olsen Testing 


Machine Company. 


engineering at the University of 
Michigan — received a certificate of 
appreciation from the American So- 
ciety of Mechanical Engineers dur- 
ing the Society’s annual Design En- 
gineering Conference, in recognition 
of his work on ASA Sectional Com- 


Ti 4 L mittee B5, devoted to developing 


2030 Easton Rd. standards in the field of small tools 


Willow Grove, Pa. 


and machine tool elements. 


METAL PROGRESS 


: 
4 

7 

y 
¢ e 
fic 
ip 
¢ 

128 


What’s your problem? If it involves forgings, rings or cast- 
ings for special applications—where high temperature, cor- 
rosion or high stress limit the usefulness of ordinary steels— 
try Standard. We’re specialists in superstrength and stainless 
alloys, and if it’s quality you want, that’s been our hallmark 
for more than a century and a half. 


Electric furnace, vacuum degassed steels, vacuum melted 
alloys, aluminum and titanium are specialties at Standard. 
We serve leading industries throughout the nation. To name 
a few just to give you an idea: shipbuilding, rubber, missiles, 
paper machinery, machine tools, railroads, turbines, large 
and small. 


= 


Printed in U.S.A. 


QUALITY CONTROL IS SECOND TO NONE AT STANDARD’S OPEN-DIE FORGINGS SUPPLY NATION’S LEAD- ‘ 
STANDARD. Quality control at Standard is maintained ING INDUSTRIES. Steel and nonferrous alloys can be worked in 


by the most accurate, up-to-date testing equipment avail- Standard’s forge shop, including some hard-to-work metals such as 
able. Laboratory facilities operate day and night to sup- titanium and super alloys. It can turn out forgings from 15 to 52,000 Ib.; 
port our metallurgists, shop foremen, mill and machine up to 45 inches in diameter; and up to 60 ft. in length. Major products 
operators—as well as plant management and, of course, include rotors and wheels for turbines, propeller shafts for ships, rolls 
our customers. for sugar, printing and rubber industries. a 


Standard’s hundreds of customers represent every major industry in the world. Metal components 
of carbon and alloy steels, super alloys, and nonferrous alloys such as aluminum and titanium are 
supplied by Standard for an endless line of products. What particularly impresses our customers 


however, is the unique, personalized service we provide. See for yourself—bring your next problem 


to Standard. 


STEEL CASTINGS TO VIRTUALLY ANY SPECIFICATIONS. The 
Standard foundry, one of the larger ones in the country, has turned out 
castings as light as | lb., and ranging up to 85,000 Ib. They include some 
of the largest heads ever cast for dredge cutters and also vital components 
in huge hydroelectric projects throughout the world. Standard yields to 
none in the skill of its foundry engineers, metallurgists, molders, core- 
makers and core setters. 


PIONEERS IN ROLL-FORGED RINGS . . . STANDARD. 
Standard’s craftsmanship in forming metal rings for heavy in- 
dustry dates back to 1856. The first all-forged weldless rings 
were produced in volume for the first time in 1870—at Standard. 
And much of the development work in forging weldless rings of 
high-alloy steels, aluminum and titanium has been done in 
Standard’s Ring Department. 


standard Steel Works Division 


BALDWIN LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA Rings Shafts Car wheels Gear blanks Flanges Special shapes 
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STAINLESS 


foils corrosion—lengthens life 


/ SUPERIOR STEEL 


- 


The Superior Stainless combination of higher 
strength for heavier loads, abrasion resistance 
for longer wear, and corrosion resistance for 
maximum service life and cleaning ease is 
well illustrated in these applications by Atlas 
Chain & Manufacturing Co. Plus values to 
the maker are Superior’s uniform fabricating 
ease and dependability—prompt deliveries— 
close cooperation at all times. Why not enjoy 
these benefits for your stainless strip appli- 
cations? Call us! 


DIVISION 


OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 


For Export: Copperweld Steel International Company, New York 
Bi Circle 787 on Page 48-B 
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Get started in vacuum metallurgy 
this sensible pay-as-you-grow way 


You may never need more than the basic 50-to-200 lb. 
capacity of the CVC vacuum induction furnace shown 
above. It’s ample for medium-scale melting and casting. 
But if your needs change, as they well may in this rapidly 
expanding field, you can easily increase capacity to 300 lbs. 
Just open the flanged nozzle (arrow, left) and add an- 
other pumping system. Similarly, with the 
CVC laboratory and pilot plant model, 
you can start out with 5 lb. melts, then only 
change crucibles to accommodate 12, 17, 
30, even production-rate 50-lb. melts. Same 
with the big CVC large-scale production 
model . . . it’s expandable from 300 to 
1000 lbs. The capacity is there, if you want 
it. You pay only for what you need, 
when you need it. 


CVC gives you room to grow 


WRITE for informative Bulletin 4-25. 


Consolidated Vacuum Corporation 


ROCHESTER 3, NEW YORK 
A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS /BELL & HOWELL 


Personals . . . 


Charles L. Harper, manager of the 
metals division of H. M. Harper Co., 
Morton Grove, Ill. — elected a mem- 
ber of the board of directors. 


Hugh McIntyre —now engineer 
on the sales staff of the Duraloy Co., 
Scottdale, Pa., working out of the 
Detroit office. At the same time, 
Robert E. Kroc was named sales 
engineer in the Chicago office. 


F. R. Hensel — retired as vice- 
president, engineering, for P. R. Mal- 
lory & Co., Inc., Indianapolis, after 
26 years with the company. 


Stephen A. Fronek — from staff 
assistant to the director of technology 
at Crucible Steel Co. of America, 
Pittsburgh, to product sales manager 
of silicon steels. 


Robert D. Wylie — from manager 
of quality control for the boiler divi- 
sion of the Babcock and Wilcox Co., 
Akron, Ohio, to director of the de- 
partment of materials engineering of 
Southwest Research Institute, San 
Antonio, Tex. 


Kenneth A. Matticks — from man- 
ager, technical service, for Crucible 
Steel Co. of America, to product 
manager, stainless flat products. 


Andrew S. Macalaster — now pres- 
ident of Macalaster Bicknell Corp., 
the successor to Macalaster Bicknell 
Co., Cambridge, Mass. 


Charles H. Harton — from district 
manager, Cleveland, for Carpenter 
Steel Co., Reading, Pa., to Florida 
manager. 


Harry Osborn, research director of 
the Tocco Div., Ohio Crankshaft Co., 
Cleveland — named A.S.T.M. repre- 
sentative on the Council of the Amer- 
ican Assoc. for the Advancement of 
Science. 


Peter Payson, assistant director of 
research, Crucible Steel Co. of 
America, Pittsburgh — received an 
honorary doctor of engineering de- 
gree from Stevens Institute of Tech- 


nology, Hoboken, N.]. 


John W. Hammarberg — from dis- 
trict representative in the Detroit 
sales office of Heppenstall Co. and 
Midvale-Heppenstall Co. to manager 
of the Chicago sales office in La 
Grange, Iil. 
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Fiow to get high alloy 
performance at low 


To save money and still get the 
high alloy performance you need 
for high temperature parts, try this: 
switch from expensive high alloy 
steels to Timken® Jow alloy “17- 
22-A” steels. With less than 3% 
alloy content, these Timken steels 
give maximum strength up to 
1100°F.—the high alloy perform- 
ance needed in missile engine parts, 
aircraft brakes, gas turbines and 
similar applications. 
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Timken “17-22-A”’ steels do more 
than cut your initial costs. They 
maintain high resistance to heat 
checking and thermal cracking. 
They are readily workable up to 
2300°F. and are easily machined 
and welded. Maximum high tem- 
perature properties can be developed 
by normalizing and tempering, 
minimizing the chance of distortion 
and quench cracking. 

For more details on money-saving 


alloy cost 


Timken “17-22-A” steels send for 
our free Technical Bulletin 36B. 
And let our expert metallurgists 
help you, as they have helped 
thousands of other manufacturers, 
solve your high temperature 
steel problems. The Timken Roller 
Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. 
Makers of Tapered Roller Bearings, 
Fine Alloy Steel and Removable 
Rock Bits. 
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..- Interpretative Reports of World-Wide Developments 


Nucleonics in Flight 


Reported by W. J. HENDRY and WALTER J. KOSHUBA* 


The Aircraft Nuclear Propulsion Program, now terminated, has contributed substantially 
to high-temperature metals and nuclear technology — such as ceramic-coated fuel 
particles for improved oxidation resistance — and will continue to contribute much 
more as additional data is declassified. This report of a recent symposium on 
Nucleonics in Flight discusses the manufacture of various fuel elements designed 

to be a part of reactors for nuclear-powered aircraft and space vehicles. 


PARTICULAR INTEREST to reac- 

tor design engineers, metallur- 
gists and physicists, this meeting 
covered topics ranging from fuels, 
shielding, heat transfer and radia- 
tion damage to reactor safety and 
controls. The higher temperatures 
required in reactors for flight pro- 
pulsion restrict the use of metals, 
but reactor structural members, 
moderators and control rods — made 
of metals — continue to be of inter- 
est to nuclear engineers. 


Fuel Elements for Flight 


Fuel elements in a flight system 
will generate temperatures in excess 
of 3000° F. Most available metals — 
with the exception of refractory ele- 
ments such as tungsten, molybde- 
num, and columbium — appear to be 


*Mr. Hendry is supervisor, process 
engineering, and Mr. Koshuba is 
manager, technical production, Air- 
craft Nuclear Propulsion Dept., Gen- 
eral Electric Co., Cincinnati, Ohio. 
The Nucleonics in Flight Symposium, 
held in Dallas, Tex., in March 1961, 
was sponsored by the North Texas 
Section of the American Nuclear So- 
ciety. 
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eliminated for the application. A 
presentation by B. W. Dunnington 
of Battelle Memorial Institute, Co- 
lumbus, Ohio, was an_ excellent 
summary of the unclassified informa- 


Fig. 1 — Microstructure of Alu- 
mina-Coated UO, Particles, Pres- 
sure-Bonded. Dark gray material 
is alumina; white areas are urania 
particles. The black areas are 
fissures in the particles. 100 x 
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New strippable plastic film 
for protection of stainless steel surfaces 


You get greater protection plus economy with the new in-fab plastic coating now being applied to MicroRold” 
stainless steel sheet, cut strip, and coiled sheet and strip. The semi-transparent protective film is 20% lower 
in cost than regular adhesive paper and offers more versatility in fabrication. The protective film is applied 
at our mill on customer order only, and is available on stainless steel in gages from .018” to .050” in widths 
up to 42”. It is guaranteed to strip off in one piece by loosening with fingernail at any corner. 

Strippable plastic protection is intended as a safeguard only during ordinary handling, storage and fabri- 
cation—not as a barrier for weather, water damage, undue abrasion, impact or foreign mance. Once 
removed it will not adhere again. ~, 

Want more information or a test sample? Write to Product Development 
Dept., Washington Steel Corporation, 8-T Woodland Ave., Washington, Pa. 


WASHINGTON STEEL CORPORATION Washington, Pa. 
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tion available in this field. 
Fuels for reactors designed for 
direct-cycle jet or ramjet systems 
(to be used in the atmosphere) must 
be capable of operating in an oxidiz- 
ing environment at high tempera- 
tures. Data from the HTRE (heat 
transfer reactor experiment) tests 
which General Electric conducted 
show that substantial progress on 
materials for this application has 
been made. In these experiments, 
fuel elements of clad UO, powder 
dispersions in 80 Ni, 20 Cr were 
operated successfully for up to 100 
hr. at 1750° F. and for over 100 
hr. at 1900° F. in a direct-cycle, 
air-cooled reactor. An impressive 
performance, it demonstrates that 
reactors of this kind are possible. 
Use of this fuel element at 
substantially higher operating tem- 
peratures would present problems 
resulting from lower creep strength, 
rapid mobility of fission products, 
and rapid oxidation of the cladding. 
Substitution of a refractory metal 


Fig. 2— Photograph of HTRE (Heat Transfer Reactor Experiment) Fuel 
Elements. HTRE-I element is on the left and HTRE-III is in the center. 
The element on the right is an advanced design, 3 in. long, which has a cen- 
ter opening for the moderator. Instrumentation is also shown on this element 


for 80 Ni, 20 Cr (Nichrome) might 
be feasible provided a coating is 
found to protect it from oxidation. 


Ceramic Fuels 


Some ceramic fuels appear to be 
better suited to this service because 
they are resistant to oxidation at high 
temperature. In addition, diffusion 
coefficients for fuel and fission prod- 
ucts are lower in ceramics than in 
metals. Difficulty in preparing pore- 


research. 


causes—— 


metals soing places 
we offer VACUUM EQUIPMENT. ee 


..-for special applications in melting, 
annealing and processing. Production or 


e@ Vacuum Arc Furnaces 


e@ Copper Vacuum Crucibles 
(with interpenetrated copper welds)* 


e@ Vacuum or Controlled 
Atmosphere Chambers 


@ ingot Molds (Steel and Copper) 
@ Skull Molds 
e Zak Button Furnaces 


Service department for repairing of 
crucibles, ingot molds and furnace parts 
damaged in handling mishaps or other 


.. Certified “In Plant” testing for pump 
down and leak rate. 


PHONE TROY ARsenal 3-3912 


“Engineering Manufacturers for Industry” 


*Standard procedure at Zak 


AK MACHINE WORKS INC. 


TROY (GREEN ISLAND) N. Y. 
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free ceramic bodies might make the 
release of fission gas a problem at 
high temperature. A recent tech- 
nique that promises to overcome this 
difficulty involves ceramic coating of 
individual fuel particles. A number 
of coatings that can be applied in 
near theoretical density by chemical 
techniques are being studied. Alu- 
mina is a good example. When it is 
used to coat UO, particles, the ratio 
of the release rate of the fission gas 
to its production rate is 10° over 
several hundred hours at tempera- 
tures up to 1500° F. Figure 1 shows 
the microstructure of this type of 
fuel element. The uniform alumina 
coating, 50 microns thick, is applied 
by vapor deposition to UO, particles 
150 microns in diameter. 

In ceramic-coated fuels, fission gas 
may cause cracking due to lack of 
ductility and thermal shock resist- 
ance. Serious heat transfer disrup- 
tions also accompany cracking. Cer- 
met-type fuels show better behavior 
in this respect. Compaction of 
metal-coated fuel particles produces 
highly symmetrical structures — even 
for very low metal contents (around 
12 to 20%)—which exhibit an al- 
most ideal blending of the best prop- 
erties of dispersion and all-ceramic 
fuels. 

Although few data are available, 
it appears that ceramic matrix fuels 
may have some potential for flight 
applications. Dimensional stability 
under irradiation is open to question, 
but it is possible that satisfactory 
performance can be obtained if fuel 
particles are kept large and operat- 
ing temperatures are kept high. In 
a recent irradiation experiment at 
1500° F. (uranium burnups of 0.5 to 
1.0%), no swelling occurred in UO,- 
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73% of first field reports 
indicate REX® 49 
outperforms other 

high speed steels 


Here are some typical comments... —_ 


WED LONGER LEFE™ 

NEW YORK-- TURNING 
AND 


CLEVELAND--TURNING 4140 AT 300 BHN--REX 49 60 PER CENT LONGER 


“LIFE THAN T-15, 


5 <-REXK 49 


K MATERIAL AT RC 


DIE BLOC 
Peru cast COBALT ALLOY 


WigTED LONGER THAN 


“EAST HARTFORD--TURNING T 
ITANIUM C- 4 
1432" DEPTH=-REX 49 OUTPERFORMED 1200 RPM» -020" FEED, 


S--REX 
AND Trl? 


STAINLES 
SGHARPENING. 


- GHICAGO--REX 49 RUNNING 80 PER CENT LONGER BETWEEN SHARP 4 
TURNING NICKEL SILVER ALLOY AND 50 PER 
a CENT 
“TORNING MAGNETIC IRON TH ban LONGER FOR 
HIGH 


4 


REX 49 is readily available from local Crucible with REX 49. Crucible Steel Company of America, 
steel centers. Call the Crucible technical service Dept. HH09, Four Gateway Center, P. O. Box 88, 
engineer nearest to you to find how you can benefit Pittsburgh 30, Pennsylvania. 


STEEL COMPANY OF AMERICA 
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‘cut 50-69 PIECES = 

GUT 10-15 PIECES BEFORE | 


@ COVERAGE 
@ AVAILABILITY 
@ RELIABILITY 
@ ECONOMY 
@ CERTIFICATION 


A Calibration Service, with trained field service engi- 
neers available for assignment throughout the United 
States and Canada, is offered by Wiedemann for 
precise calibration of all types of materials testing ma- 
chines and associated devices for both load and strain. 


COVERAGE 


A full line of secondary standards and other calibra- 
tion and inspection devices is available for use by 
Wiedemann Field Service Engineers who are capable 
of calibrating all makes of testing equipment, foreign 
as well as domestic manufacture. More than a highly 
accurate calibration, the service includes on-the-spot 
adjustments and repairs that may be required on 
Wiedemann-Baldwin Machines to obtain certification. 
The field engineer's experience enables him to also 
handle service problems on other makes of testing 
machines. 


AVAILABILITY 
MOREHOUSE PROVING RINGS Wiedemann Field Service is maintained on a regional 
Certified for static calibration of testing machines basis at strategic locations. Your request for calibration 
covering load ranges from a few hundred service (you merely write to Wiedemann Machine 


pounds to thousands of tons. Certified dead Company, King of Prussia, Pennsylvania) brings 
weights are used for lower loads. prompt response from the qualified Wiedemann Field 


Calibration of Universal Testing Checking Calibration of Stress-Strain Recorder Calibration of Fatigue 


Machine Machine 
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il. 
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Service Engineer located closest to you. Each is 
equipped with a full complement of calibration devices. 


RELIABILITY 


Every Wiedemann Field Service Engineer is highly 
qualified for his job by exceptional background of 
training and experience. The average length of field 
service is in excess of ten years and, in many cases, 
has been preceded by extensive shop experience. 
Calibration devices conform to the requirements 
of ASTM E-74 and E-83 and/or are certified by the 
National Bureau of Standards in cases where appli- 
cable National Bureau of Standards specifications exist. 


ECONOMY 
Localized service minimizes expense incurred in trans- 
portation of personnel and equipment to and from the 
job. The experience and facilities available mean a 
saving of time spent on the job. This overall efficiency 
results in accomplishing the job promptly and econ- 
omically. 


CERTIFICATION 
Immediately upon completion of the calibration, a 
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pay you use 


WIEDEMANN CALIBRATION SERVICE 


Circle 793 on Page 48-B 


Report in accordance with applicable ASTM specifica- 
tions is furnished. In the case of testing machines, this 
is followed by a certificate to verify the results of 
calibration performed in accordance with applicable 
ASTM, Army, Navy and federal specifications. This 
certificate also furnishes evidence of the most recent 
date of calibration. 

For your further protection, copies of all calibra- 
tion data are on file 


TEDEMANN 
"BALDWIN. 


WIEDEMANN MACHINE COMPANY 
GULPH ROAD + KING OF PRUSSIA, PENNSYLVANIA 


Sales Offices: Mount Vernon, N.Y. « — Spring, Md. © Pittsburgh 
Chicago «© San Francisco in Canada: Peacock Bros., Montreal. 
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BeO and UO,-Al.,O, structures. 

While it is a good high-tempera- 
ture fuel, UO, presents problems 
when used in an oxidizing environ- 
ment. Any failure of a protective 
coating or cladding can result in 
transformation of UO, to U;Ox,, a 
change which is accompanied by a 
volume expansion and an increase in 
vapor pressure. This transformation 
may be prevented by additions of 
other oxides to UO,. It has been 
found that massive additions of 
La,O; or promote retention of 
the fluorite structure in air at 
temperatures in excess of 3360° F. 
(1850° C). 


Fabrication of Cermet Fuel Elements 


It was in the HTRE tests that the 
feasibility of operation of turbojet 
engines by nuclear power was 


compacts. This product, called a 
billet, is rolled into ribbon of suit- 
able thickness, cut into short pieces, 
and the exposed fueled core is sealed 
by brazing. The pieces are then 
roll formed into circular rings of 
various diameters which are assem- 
bled into a concentric configuration, 
called a stage, by tack welding and 
brazing. Eighteen in-line stages 
form the cylindrical fuel cartridge. 

A unique development is an auto- 
matic edge-cutting device which 
trims the “picture frame” to a nomi- 
nal width of 0.015 in., +0.005 in. 
An x-ray beam operating in conjunc- 
tion with a servo-mechanism locates 
the unfueled edge and actuates a 
high-speed nibbler. 

Processing variables have a pro- 
found effect on physical properties 
and performance of fuel elements in 
a reactor. As an example, a tack- 
welding operation prior to brazing 
caused microscopic fissures which 


about a metal specimen, 
the more you need a 


Bausch & Lomb 


RESEARCH 
Metallograph 


Choose from today’s widest range 
of illuminations and magnifica- 
tions. See—and photograph—to- 
day’s clearest, sharpest images of 
specimen detail. 


Peewee BAUSCH & LOM 


SINCE 1853. 
standards 


BAUSCH & LOMB INCORPORATED 

84920 Bausch St., Rochester 2, N. Y. 

[) Please demonstrate Research Met- 
allograph. 

() Please send Catalog E-240. 


The more you need to know 


Fig. 3 — Photograph of HOTCE (Hot Critical Experiment) Fuel Ele- 
ment. a cermet wire fuel element, containing 33% UQOx, is coiled 
around a refractory cylinder before insertion into test facility 


clearly established. The fuel ele- 
ment in this reactor is a series of 
metallic, concentric rings containing 
UO, dispersed in a nickel-chromium 
matrix and protected by a nickel- 
chromium cladding (see Fig. 2). 
Fabrication involves many common 
and some unique processes includ- 
ing powder metallurgy, comminu- 
tion, mixing, brazing, sintering, hot 
pressing, welding, rolling, annealing 
and pressing. 

Nickel, chromium, and UO, pow- 
ders are blended and cold pressed 
into a fueled-core compact and then 
sintered in dry hydrogen at 2200° F. 
The edges of the core are protected 
by a frame made of pressed and 
sintered nickel-chromium powders. 
Wrought 80 Ni, 20 Cr sheet is at- 
tached to the flat surfaces of the 
core and the assembly is hot pressed 
to obtain a metallurgical bond be- 
tween the cladding and the powder 


permitted ingress of oxygen into the 
fuel ribbon thereby causing swelling 
to occur during reactor operations. 
To prevent this, very close technical 
control of the process was required. 

Another paper on fuel-element 
fabrication involved the manufac- 
ture of cermet wire fuel elements. 
These elements were required for 
a facility in which effects of varia- 
tions in moderator temperatures 
could be evaluated. In 1958, the 
Aircraft Nuclear Propulsion Dept. 
of General Electric Co. constructed 
a hot critical experiment (HOTCE) 
facility in which wire fuel elements 
provided nuclear reactivity while at 
the same time electric current was 
passed to heat them to controlled 
temperatures. The wires, 0.125 in. 
in diameter, containing 33 wt.% UO, 
in the core; the matrix and cladding 
were Type 310 stainless. The wires 
were subsequently formed into hel- 
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ices and coiled around refractory 
cylinders for insertion into the test 
facility (Fig. 3). 

Although much development work 
had been done on fabricating cermet 
wires by blending UO, and stainless 
steel powders, cold pressing into pel- 
lets, encapsulating, hot rolling, swag- 
ing, and cold drawing, a decision 
was made to form the wire by hot 
extruding the capsules roughly to 
size and cold drawing to final dimen- 
sion. The extruded product was 
superior in core concentricity to that 
produced by hot rolling; however, 
some loss of ductility was encount- 
ered, as evidenced by breaking and 
cracking during wire drawing. 

To provide wires of sufficient 
length to form a complete helical 
coil for each element, it was neces- 
sary to join three lengths of wire. 
Adequate control of core length was 
difficult and it was necessary to join 
the wires at locations containing the 
core. The joining technique, a com- 
bination brazing and resistance butt 
welding operation, is apparently suc- 
cessful, since the reactor has been 
operating satisfactorily. 


Indirect-Cycle Systems 


Indirect-cycle jet power and space 
systems employing a nonoxidizing 
coolant, or direct-radiation cooling, 
will allow a little more latitude in 
the choice of fuels (compared to 
direct-cycle systems), although op- 
erating conditions will be no less 
formidable. In nuclear rockets, for 
example, fuels must operate at tem- 
peratures over 4500° F. 

In the program to develop nuclear 
auxiliary power systems for space, 
the SNAP-2 reactor, a dual-cycle 
turboelectric system, uses cylindri- 
cal homogeneous fuel-moderator ele- 
ments made up of a zirconium hy- 
dride-U235 mixture clad with thin- 
walled stainless steel tubes coated 
internally to minimize hydrogen loss. 
The NaK coolant leaves the beryl- 
lium-reflected core at 1200° F. The 
initial version of this reactor op- 
erated continuously for 1000 hr 
without trouble; later versions will 
run at higher temperatures. More 
demanding from the materials stand- 
point will be SNAP-10. This large- 
capacity the moelectric device will 
employ flat plates of the same type 
used in SNAP-2, but cooling will be 
by conduction to space through fuel 
and beryllium reflector plates and 
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Made in America, to the world’s highest standards. 


Bausch & Lomb salutes : 


Gordon C.Woodside 


... Grand Prize Winner, 
1960 A.S.M. Metallographic Exhibit 


GRAND PRIZE WINNER 

for the best photomicrograph 
in its class and in the exhibit 
—Gordon C. Woodside, 
Climax Molybdenum Company, 
Detroit, Michigan. 


HIS AWARD WINNING 
PHOTOMICROGRAPH 
MADE WITH A 

BAUSCH & LOMB 
RESEARCH METALLOGRAPH 
Section of “Heat Checked” 
Unalloyed Gray Iron 
Permanent Mold. 


Bausch & Lomb Metallographs help industry boost output and 
maintain quality by providing detailed magnified images—visual or 
photographic—for routine work and advanced research. 

The B&L Research Metallograph is one of a complete line of 
metallographic equipments. It provides ready choice of four differ- 
ent views of the same sample—by bright field, dark field, polarized 
light, or phase contrast—ensuring complete identification. 

Find out how these faster, easier, completely dependable analyses 
can help you save on time and materials. Write for Catalog E-240, 
and for complete expert advisory service. No obligation, of course. 


Bausch & Lomb Incorporated, 
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= OXYGEN FOR STEELIS ALWAYS ON TAP WHEN 


@ Your oxygen supply, piped from a plant we 
build and operate, on or adjacent to your 
mw site, is backed by 45 years of experience 
in air separation. We have the resources 
and sound engineering ability to keep your 
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oxygen flowing now and as your needs 
increase. For the full oxygen story, phone, 
write, or wire Airco. 


REDUCTION SALES COMPANY 


A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED, 150 EAST 42ND STREET, NEW YORK 17, N. Y. 
REPRESENTED ON THE WEST COAST BY AIR REDUCTION PACIFIC COMPANY 
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LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN . . . experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 44 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS .. . 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 
as castings. 


MUELLER HAS THE METALS... and 
the materials . . . to produce pre- 
cision parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to meet 
each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you’re making 
missiles or mowers...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 
PORT HURON 28, MICHIGAN 
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through a thermoelectric converter 
section surrounding the core. 

In applications such as these, re- 
fractory metals are ideal for cladding 
and enough is known about uranium 
carbide to show that it may find con- 
siderable use as a fuel. Other ura- 
nium compounds also rate study for 
this service, particularly uranium 
nitride. 

Interest in uranium carbide stems 
from its high density, high thermal 
conductivity, and controllable chem- 
ical compatibility. Irradiation data 
accummulated recently show the ma- 
terial to be stable at 1500° F. to 
burnups of 2% uranium. The re- 
lease of fission gas has been negligi- 
ble in experiments to date; tempera- 
tures above 2000° F. will probably 
produce substantial release, how- 
ever. No major microstructural 
changes have been noted in the 
compound. Some cracking occurs 
and excess carbon diffuses, but there 
is no significant volume change 
under test conditions. 

Recent work has revealed that 
small additions of columbium car- 
bide (under 10%) reduce the reac- 
tion of UC and moisture. A more 
serious problem is the reaction of 
carbide and cladding. It is un- 
likely that refractory metals will 
react with UC below 2500° F., but 
common alloying additions such as 
zirconium, titanium, and aluminum 
may cause difficulty. This can be 
minimized by introducing excess 
carbon, without reducing the amount 
of UC, so that a protective layer 
forms. 


Structural Parts 


Structural requirements of a nu- 
clear reactor demand a material 
which can be fabricated into a va- 
riety of sizes and shapes. Mill prod- 
ucts such as bar, sheet, plate, tubing 
and wire are needed; die impression 
forgings must be produced; bending, 
hydroforming, spinning, and flow- 
turning are required to fabricate cer- 
tain components and these must be 
joined by welding or brazing into 
subassemblies and final assemblies. 

For the CANEL (Connecticut Air- 
craft Nuclear Engine Laboratories) 
program, Pratt & Whitney selected 
a 1% Zr columbium alloy for re- 
actor structural applications after 
evaluating mechanical and physical 


properties and testing for compati- 
bility with the intended service en- 
vironment. The alloy also shows 
promise of meeting another essential 
requirement — fabricability. Small 
ingots of 1% Zr columbium alloy 
can be electron-beam or arc melted; 
tubing can be cold drawn, and sheet 
rolling is feasible. 

Nearly 100 tons of the alloy has 
been melted and converted to bar, 
sheet, tubing, pipe, wire, and die 
impression forgings. Sheet has been 
rolled in widths up to 36 in. Seam- 
less tubing down to % in. diameter 
and 0.006 in. wall has been cold 
drawn. Forming operations such as 
bending, hydrospinning, deep draw- 
ing, and machining have been per- 
formed _ successfully. Inert-gas- 
shielded arc welding is used in join- 
ing sheet up to % in. thick, with 
weld efficiencies of 90 to 100%. 

One important ground rule — es- 
tablished at the outset and not vio- 
lated during the course of the pro- 
gram — is that mill fabrication should 
not require any heavy outlay for new 
or advanced metalworking equip- 
ment. In nearly every respect the 
alloy has been produced on standard 
mill equipment, with excellent yields. 

As a first step, it was decided to 
aim for low interstitial impurity 
levels to favor workability. A sur- 
vey of available sources for starting 
material showed that none was es- 
pecially impressive. Total carbon, 
oxygen, and nitrogen levels were on 
the order of 200 ppm. Vacuum arc 
melting did not effect very significant 
purification but high-vacuum elec- 
tron-beam melting was found to be 
beneficial. Ingot impurity maxi- 
mums were set at 300 ppm. oxygen, 
300 ppm. nitrogen, and 100 ppm. 
carbon; hydrogen levels were gen- 
erally less than 10 ppm. To provide 
the larger ingots required for the 
larger forgings, a duplex melting 
scheme was adopted wherein start- 
ing material was purified by elec- 
tron-beam melting and then vacuum 
arc melted to larger ingots with no 
pickup of impurities. Ingots weigh- 
ing over 2500 Ib. and up to 16 in. 
in diameter are produced by the 
method. 

The workability of the alloy is 
good because of relatively low me- 
chanical properties at working tem- 
peratures. For example, even at 
1200° F., yield strength is 10,500 
psi., compared to 60,000 psi. for 
Inconel “X”. At 2200° F., how- 
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MUELLER CAN MAKE MOST ANYTHING IN 
SINTERED METAL PRODUCTS... 


Sintered metal gears, cams, special 
purpose filters and structural mem- 
bers from iron, nickel, stainless steel, 
brass and copper alloys are produced 
by Mueller for practically every seg- 
ment of American industry. What- 
ever your product requirements are, 
the Mueller Sintered Metal Products 
Division is completely equipped to 
supply you with precision parts to 
exact specifications at substantial 
savings. In addition, the engineering 
staff, machining and finishing facili- 
ties of Mueller Brass Co. are an 
important plus value when you 


LET MUELLER MAKE IT! 


AUGUST 1961 
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Nucleonics .. . 


ever, 1% Zr columbium has a yield 
strength of 10,000 psi. compared to 
2000 psi. for Inconel 

For additional comparison, the 
100-hr. stress-rupture strength of 
the 1% Zr columbium alloy at 2000° 
F. is about 9000 psi. whereas Inconel 
“X” is about 1000 psi. Even a su- 
perior nickel-base alloy such as Udi- 
met 700 is estimated to have a 
strength of 3000 psi. at 2000° F. 


In working the ingot, initial break- 
down is accomplished by extrusion, 
upsetting, open-die cross forging, or 
V-die cross forging. Forging is done 
at 2000 to 2300° F. with no diffi- 
culty. Extrusion temperatures vary 
with different producers; ingots have 
been extruded in the 600 to 800° F. 
range using proprietary plastic-type 
lubricants. In working at the higher 
temperatures, it is advisable to pro- 
tect the alloy against contamination 
by ceramic coatings such as those 
used in titanium alloy work. 


Secondary reduction to sheet, bar, 
forging billet, or tube blanks is done 
at 2000 to 2300° F., although tube 
blanks have been produced directly 
from the ingot as well as from forged 
billet in the 600 to 800° F. range. 
The alloy has good cold workability, 
and the conditions for stress-relief 
annealing (1800 to 2200°F.) are not 
critical. Annealing does, of course, 
require a good vacuum or inert gas 
environment. 

In summary, the 1% Zr colum- 
bium alloy posseses an exceptional 
combination of properties and ca- 
pabilities — useful strength to 2000° 
F.; outstanding corrosion resistance 
to alkali metals including molten 
lithium; good producibility with 
high yield and good quality; excel- 
lent cold formability and high weld 
efficiency. 


Rapid Heating and 
Loading 


Digest of “Strength of Struc- 
tural Alloys Under Rapid Heat- 
ing and Loading”, by J. R. Kat- 
tus and D. W. McDowell, Jr. 
Paper (Preprint No. 71) pre- 
sented at the 63rd Annual Meet- 
ing of the A.S.T.M., July 1960, 
Atlantic City, N.J. 


E SERVICE LIFE of most missiles 
may be measured in terms of sec- 


? onds or minutes. However, during 


Busi to their short life some of their struc- 
a — tural components are subjected to 


: ; icati require closer 
engineer @ppmeauons req rapidly applied stresses and elevated 


adherence to eritical specifications (in 
high volume) than most foundry prac- temperatures. The behavior of struc- 
tural materials under these condi- 


tices can supply. For we are specialists 
in precisely measured, closely limited, tions may differ radically from that 
observed in conventional tests. 


and constantly verified quality, controlled 
Therefore, there is a need for investi- 


to extremes. 

gating mechanical properties of 
alloys under conditions of rapid heat- 
ing, rapid loading, and short ex- 
posures to high stresses and tempera- 
tures to obtain data for use in missile 
design. 

Rapid tensile and short-time creep 
tests were conducted on specimens 
taken from sheets of the following 
alloys. All test specimens had gaged 
sections ¥% in. wide by 2 in. long and 
co were oriented in the direction of 
rolling. 

1. Type 301 stainless steel, 80% 
cold reduced at room temperature. 

2. Type 304 stainless steel, 80% 
cold reduced by rolling at —105° F. 
and stress relieved by heating at 

(Continued on p. 152) 


PRESCRIPTION 


From assembling the charge to sampling 
the heat, process control specialists “ride 
herd” through every hour. And, from 
shake-out on, control technicians check 
each single manufacturing operation to 


the shipping dock. 


COUNTER 


Through striving constantly to improve FOUNDRY” 
castings quality, our volume has multi- 


plied many times in 15 years. 


SUPPLIER TO THE AUTOMOTIVE, AIR- 
CRAFT, HYDRAULIC AND SPECIALIZED 
MACHINE INOUSTRIES. 


ENGINEERING CASTINGS, INC. 


MARSHALL, MICHIGAN 
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© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
@ NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

® NO SKILL REQUIRED 

® SCALE READINGS IN ROCKWELL & BRINELL 


@ ACCURACY GUARANTEED 
Many thousands used by industry and government, 
Write, wire or call for additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 York Road 
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GRIFF GRIPS 


Used in the Templin Holders A wedge 
block with inserts that have been proven 
to really work by the major steel indus- 
tries and testing laboratories. Inexpen- 
sive, no slippage, no tools required for 
changing. Hardness where it is needed. 
Carried in stock for immediate delivery 
on 8,000 Ib., 10,000 Ib., and 20,000 Ib. 
capacity. A phone call from anywhere 
in the U.S.A. resulting in an order, is 
absorbed by us. 
Emerson—1-3982 


GRIFF machine prooucts co. 
137 Julius St., Pittsburgh 6, Pa. 


Circle 4 on Page 48-B 


ULTRA-LOW TEMPERATURE CABINETS. 


Seven styles... chest capacities 
© Storage from 1.5 to 6 cu. ft. Uprights 
© Seasoning up to 22 cu. ft. Temperatures 
© Testing to —140° are controllable with- 
in 1°. Immediate delivery. 
waver For FREE folder, “Selecting 


= a Low Temperature Cabinet,” 


es write Revco, Dept. MP-71. 


Industrial Products Div. 


Setting Trends in Retrigeration Since 1938 
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/ 
95 Park Avenue 
Nutley 10, N. J. 


Circle 5 on Page 48-B 


NOrth 1-1515 


JUST PRESS 
ANYWHERE. 
WiThH THE 
a NEWAGE 
TESTER 
/ HEAT RESISTING ALLOYS | 
Ready When You Need Them | 
| Circle 2 on Page 48-B Po 
140°F. \\\ “ultrasonic energy for the cleaning 
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ALL KLEAR 208 


SOLUBLE 
CUTTING OIL 


best for all 
Machining Operations 
including Threading, 
Tapping and Broaching 

1 - Higher load-carrying capacity 

2 - Lower cost per gallon 

3 - Closer tolerance through better 
cooling 

4 - Higher film strength 

5 - Finer finish 


4{70 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
| CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


VE, 
INVAR 
CASTING 
Special Feature SAVES THE GOLD YOU NOW LOSE | T 
— Nickel content 
held to 35% min- é is U.S. Potent No. 2,896,511 
imum — 36% Other Patents Pend 
i U.S. end Canedo 


3401 W. 140th $?., CLEVELAND 11, OHIO 
Circle 9 on Page 48-B 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
otions required 
ore reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 


ENGINEERED 
PRECISION CASTING co. 


@ Now with the TENSILTWINS, what- a 
ever your testing methods or materials, 
you can have perfect precision ma- 
chined physical test speciments in less 
than two minutes. 
@ TENSILKUT precision machines all foil, film, sheet 
and plate metals from .0005” foil to .500” plate. Hard 
.001 stainless steel foil to soft Y2” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura- 
tions accurate to + .0005”. Machined edges are com- 
pletely free of cold -working or heat distortion and re- 
quire no hand finishing. 
@ TENSILKUT table and floor models are available with 
motors from Y2 to 2¥2 h.p. Write for free brochure. 
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Hardnes made un eloped for the recovery 
: testing Easy! of gold heretofore lost 
through dragout rinsing 


MODEL 'C' will reclaim 
gold from any cyanide 
or alkaline solution 


MODEL '‘A is designed to save 
gold from any acid or 
ical test specime:.s from high alloy 


Hones POR 
TERS neutral cyanide solution 
refractory metals and hardened sheet 


..answer the need for a light- SIMPLE TO OPERATE ond plate mmetais to RC 65 


weight, accurate tester for on- A HIGHLY PROFITABLE INVESTMENT 


*.0005” and are interchangeable with TENSILKUT tem- 


and other items such as large Technic inc plates 
k , = ——___—_., @ TENSILGRIND is mounted on a metal cabinet and 
gears, nives, Saws, etc. includes a totally enciosed Y2 HP motor, micrometer 


adjustments, built in radial diamond wheel dresser, and 
J 
Send for free bulletin 


P.O.Box 965 solenoid controlled misting system to insure cool grind- 
TRI ing of test specimen edges. 

AMES PRECISION MACHINE WORKS : 

Waltham 54, Moss, US A STuart 1*6100 


@ TENSILGRINC »recision grinds phys- 


Write for descriptive literature. 


SIEBURG INDUSTRIES worporaten 


Danbury Industrial Park, Danbury, Cennecticut 
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the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never approached 
ACCURACY AND 
CONSTANCY of cali- 
bration . . . at the 
standard 3000kg test 
load .. . maximum 
error plus or minus 
kg 


Write for Bulletin 
No. A-18 


MAGNETIC ANALYSIS... 


GRIES INDUSTRIES, INC. 
Testing Machines Division 
NEW ROCHELLE 3,N Y 
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MULTI-METHOD EQUIPMENT 


Electronic equipment for production testing 
of steel bars, wire rod, and tubing. Detects 
surface and sub-surface flaws and variations 
in composition and physical properties at 
speeds of 120 ft. per minute. 


product defects 


getting you down? 


let us help you... 
find hidden cracks 


with magnetic particle or dye 
penetrant inspection equipment 


find deep-lying defects 


with x-ray or gamma 
radiography equipment 


see “innards” directly 


with bright-image fluoroscopes 


work out the method 


at our Industrial Applications Lab 


call any local Picker office 


where a technical expert is always near 
(see ‘phone book) or write 


PICKER X-RAY CORPORATION 
25 So. Broadway, White Plains, N.Y. 
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MULTI AND SINGLE 
FREQUENCY EQUIPMENT 


Eddy current equipment for testing non- 
magnetic metal tubing, bars and wire, Ye” 
to 3” in diameter, for surface and sub- 
surface flaws, at speeds from 200 to 600 
ft. per minute. Multi-Frequency unit offers 6 
simultaneous inspection methods, including 
2 for indicating variations in mechanical, 
physical and metallurgical properties. Single 
Frequency unit offers 1 inspection method, 
and when used with D.C. energization, tests 
both magnetic and non-magnetic materials. 


ROTOTESTER EQUIPMENT 


Electronic equipment for inspecting drawn 
coiled steel wire, from Ye” to 1”, at die 
block. Detects flaws at normal draw speeds 
without marring materia! surface. 


COMPARATORS AND 
METAL TESTERS 


Electronic instruments for production sort- 
ing of ferrous and non-ferrous materials 
and parts for variations in composition and 
structure, 


The Lucifer 7022 Series was designed 
for hardening, annealing, drawing, 
pre-heating, and special applications. 
Produced in 14 standard low cost 
models with heat ranges of 2,000° F. 
or 2,300° F. the Series 7022 operates 
on standard line voltage . . . no trans- 
former necessary. A sister series, the 
7021, has all the advantages of the 7022 
but it was designed as a bench model 
and is available in 8 standard sizes. 


All Lucifer furnaces are complete units 
. Just connect to power supply. To 

get full information or free engi- 
neering advice, write or call... 


LUCIFER FURNACES, Inc. 
Neshaminy 7, Pennsylvania 
Diamond 3-0411 
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DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi 
Method Equipment, inspection and demagne- 
tization are simultaneous. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials and 
parts. 
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WET GRINDING 
for 


KNUTH ROTOR 


® Flat, Sharp-edged 
Surfaces 


® Faster Processing 
Quick Paper Change 
Free Guide and Literature 


WILLIAM J. HACKER & CO., INC. 


P. O. Box 646, West Caldwell, N. J. 
Circle 15 on Page 48-B 
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More than 10,000 
in use: 


BUY WITH CONFIDENCE 
30 DAY GUARANTEE 
LESS THAN 50% OF NEW PRICE 
IMMEDIATE DELIVERY 
WE WILL BUY BACK 
TRADE, LEASE, OR TERMS 


We will engineer your requirements 
All types available from stock 


INDUSTRIAL FURNACE CO. 
EQUIPMENT. COMPANY 
CLEVELAND 6, OHIO 
SW 1-3900 


10902 CEDAR RD. 
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Ask for 
new 
edition! 


_ WRITE, WIRE or PHONE 
YOUR CATALOG” 


y 
ster 

ws ha 
clean—bright and 


Sranr screw co. 


OC gm 647 UnionBivd., Paterson 2, N. J. 
Telephone: CLifford 6-2300 
ee } Direct N.Y. Phone Wisconsin 7-6310 
Direct Phila. Phone WAlnut 5-3660 
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For quick, precise measuring 
of nonmagnetic thicknesses 


Elcometer Thickness Gauge measures 
thickness of porcelain enamel, paints, 
platings, foils, glass, paper, plastics and 
other nonmagnetic coatings—with a 
guaranteed + 5% + .0001” accuracy. 
Handy pocket-size, it gauges flat or 
curved surfaces and hard-to-get-at 
spots easily. Needle-locking button 
assures correct reading every time. 
Now available in fifteen double-scale 
models, with contact spheres, ‘‘V”’ block, 
or flat bases. 

Complete with tough leather case, 
inner pocket for test strips, and carry- 
ing harness. Weighs only 6 oz. 


F.O.B. Cleveland 


Write for free Illustrated Folder 
FERRO CORPORATION 
4150 East 56th St., Cleveland 5, Ohio 


TEST WIRE, FOIL 
.+»FAST...AT LOWEST COST! 


VERSATILITY and ECONOMY are key features 
of the Scott Model CRE Electronic Tester. You get 
ultra-high accuracy of inertialess electronic weigh- 


ing . . . plus effortless, error-~ -free, push-button 
testing. Stress-strain data “picturized” on strip 
chart. Ample magnification for detailed analyses. 
Interchangeable test capacities to 1000 Ibs. For 
facts on Model CRE Tester, write Scott Testers, 
inc., 187 Blackstone St., Providence, R. |. Tel: 
DExter 1-5650 (Area Code 401). 


SCOTT 
TESTERS 


THE SURE TEST... scoTT! 
Circle 18 on Page 48-B 
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PAINTSTIK MARKER | 


Mark any parts while cold, 
identify them after heat treating 
regardless of temperatures and oil 
or water quenchings. Use ‘‘M”’ “P 
to 1600° F., “‘M-10” up to 2400" 


For Permanent Coding and Iden- 
tification Use Markal ''B’' 


MARKAL COMPANY 
3118 West Carroll Ave. Chicago 12, Ill. 


Circle 20 on Page 48-B 
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HEAT-PROOF | 
COATING 


“C-R"” COATINGS 


MARKAL “C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 
removed after treating. 


WRITE ON LETTERHEAD FOR complete 
Coating information and samples. 


MARKAL COMPANY 3118 West Carroll Avenue @ Chicago 12, Illinois 
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~ 2 0 
IDENTIFY PARTS STOP CARBURIZING, DECARBURIZING, 
| 


For the simplest 
or most complex 


ALUMINUM 
EXTRUSIONS 


Nothing is too intricate or difficule for 
Jarl. Four extrusion presses—including a 
new mammoth unique 3300 ton press 
make possible maximum versatility and 
widest possible range of highest quality 
low-cost 


Alumilite 


SOLID EXTRUSIONS UP TO 
A 10%2” CIRCUMSCRIBING 
CIRCLE. ROUND 7” TUBES. 
RECTANGULAR 9”x 3” TUBES. 


Send for stock die catalog 
or send rough sketches for 
help with your design. 


JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y. 
Circle 22 on Page 48-B 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

In Canada—Hamilton, Ontario 
Circle 23 on Page 48-B 


Wa nt Precise 


Investment Castings? 


Get High Production 
with Finer Finish! 


@ Sherwood Wax Injection 


Presses, 
@ Saunders “Blue Wax”, 
@ Refractory Materials 
@ Fluidized Beds, 
@ Turntable Mixers, 


WE PROVIDE complete plant set-ups 
for Investment Casting. 


Send for latest product bulletins 


or complete catalog! 


Alexander Saunders 


& CO., INC. 


95 Bedford Street, New York 14, N.Y. 


Circle 24 on Page 48-B 
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eEvery Wilson 
Diamond 
Penetrator is iden- 
tical in angle and 
radius. 

@Only flawless dia- 
monds, free from 
cracks or chips, are 
used. 


@ Microscopic inspection and a com- 
parator test of each diamond 


assures consistent quality. 


e Each penetrator is proof-tested 


under heavy load. 


e@Special penetrators available for 


testing unusual areas. 


Wile for Catalog RT-58 for details 
on Wilson ‘‘Brale’’ Penetrators 


plus the complete line of 


WILSON “ROCKWELL” 
HARDNESS TESTERS 


Wilson Mechanical 
Instrument Division 


American Chain & Cable 
Company, Inc. 


230-F Park Avenue, New York 17,N. Y. = 
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Rockwell hardness testers. 


MULTI MOTION DIES*.... 


FOR COMPACTING POWDERED 
MATERIAL TEST SPECIMENS.... 


® Tensile Bars 
Transverse Bars 
Green Strength 
Bushings 

Slugs 

Stepped Parts 


Complete design 
facilities for dies 
or subpress units 
to press unusual 


DL-1001 shapes in lab 
TENSILE TEST BAR 
MPA STANDARD presses. 
10-50 “PATENTED 


HALLER, INCORPORATED 


16580 Northville Rd. Northville, Mich. 
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RELAPOL 


FOR METALS 
DIFFICULT 
TO POLISH 


Wilson 


Electrolytic Lap Polishing — Fast, In- 
expensive Method for Non-Ferrous, 
Precious Metals, Tungsten, Rhenium, 
Molybdenum, etc. 

Free Guide and Literature 


WILLIAM J. HACKER & CO., INC. 
P. O. Box 646, West Caldwell, N. J. 
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YOU SPECIFY THE FURNACE... 


es2will FABRICATE THE FIXTURE 


... Economically! 


of sizes, types 


Wiretex incorporates advanced engineering tech- 
niques in fabricating parts holding fixtures to meet 
fast delivery on custom requirements. A wide range 


mfg. c0., 5 Mason Street, Bridgeport 5, Conn. 


and alloys, for every type furnace. 


Phone Wiretex First! Send for literature 
Specialists in Processing Carriers Since 1932. 
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ror ACCURATE 
Rockwell hardness 
testing, use 
Wilson “Brale” 2 
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Beat a Path to 
GENERAL 


EXTRUSIONS 


. for difficult-to- 

extrude aluminum shapes and 

for new developments of extruded alumi- 
num. For certain needs, G.E.1.’s customers 
send their own aluminum parts to be 
anodized, machined, finished or for ad- 
ditional fabrication. Whether your needs 
are standard or special, G.E.I. can save 
you time, material and money. Write for 
catalog. 

GENERAL EXTRUSIONS, INC. 
P.O. Box J, 4040 Lake Park Road, 
Youngstown 7, Ohio 
Sales Offices in Chattanooga, Cincinnati, 
Cleveland, Grand Rapids, Pittsburgh 
and St. Louis 
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Rockwell-scaled 
HARDNESS TESTER 


* the Right Steel for 


POCKET SIZE your Operation from 
and PRECISE the Complete Range of 


Test Block rate instrument 
ity WYCKOFF cold Finished Steels 

A steel ball of exact weight and hard- 

ness is dropped from an exact height, 


insuring a precise reading in Rock- 
wall C scale. Ideal for spot or produc- 


tion checking. Used in many of the © 
finest plants and shops. Get ‘'on-the- 
job" readings anywhere with depend- * 


= accuracy. Easy to use, easy to 
read. No moving parts to get out of 

adjustment, even if the instrument is Faster Cutting Speeds 
dropped. A one-year warranty protects 


against defects in materials and work- Longer Tool Life 


manship. 


Send for one or more today at this Optimum Machinability 


low price. Satisfaction guaranteed. 


Detroit Hardness Tester Co. 
ptember P.O. Box 397 * Franklin, Michigan Superior Finish 


Circle 30 on Page 48-8 Constant Uniformity 


FREE == From Bar to Bar.. Shipment after Shipment 


SPECIFY THE FINEST QUALITY... 


the QUENZINE STORY 
Lew priced, more readily available carbon W YC K O = é 

steels can often replace alloy steels when 

quenched in Beacon 

Quenching Oils with 


QUENZINE added. 


Por information on 

LD FINISHED STEEL 
other Beacon Brand 
Heat Treating Com- 


WYCKOFF STEEL COMPANY 


GENERAL OFFICES: 
GATEWAY CENTER, PITTSBURGH 30, PA. 
ALDRIDGE WORKS: AMBRIDGE, PA.—CHICAGO, ILL.—NEWARK, N.J. 
PUTNAM, CONN. 


INDUSTRIAL OILS, Inc. WYCKOFF STEEL PRODUCTS + Carbon, Alloy and Leaded Steels 


Turned and Polished Shafting « Turned and Ground Shafting « Large 
Squares « Wide Flats up to 12%” x 244" and 14” x 114" « All types of 
S001 W. 160th St., Cleveland 11, Ohio Furnace Treated Steels including Carbon Correcte 4 Steels 
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Circle 840 on Page 48-6 
METAL PROGRESS 


FROM AROUND THE NATION 
NS SG SES 
N N SS SS SS SE S 
\ 
TORY 
om BRAND pounds write to... 
150 


Simmons Plating 
puts “more drive’ 
into crankshafts with 
Mutual Chromic Acid 


Simmons Plating Works, Atlanta, Ga., adds 
years of service to crankshafts for rebuilt 
engines by hard chrome plating with Mutual® 
Chromic Acid. Famed throughout the South- 
east as “Mr. Chrome,” Simmons attributes 
its success to high standards, skill and Mutual 
Chromic Acid. 


Mutual Chromic Acid is always 99.75% pure 
—or better. Its consistently low sulfate con- 
tent helps Simmons control the acid-sulfate 
ratio of their plating bath. This safeguards 
against plating difficulties—and expensive 
rejects! 

To learn more about the Mutual line of chro- 
mium chemicals, write for your free copy of 
Solvay’s 80-page Technical Bulletin, “Chro- 
mium Chemicals.” Our Technical Service 
staff will gladly answer your questions. State 
whether you would like to have a representa- 
tive call, 


SOLVAY® & MUTUAL PRODUCTS FOR PLATERS 


Chromic Acid * Caustic Soda « Hydrogen Peroxide * Methylene 
Chloride * Sodium Chromate * Sodium Bichromate 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N.Y. 
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Rapid Heating . . . 


800° F. for 24 hr. 

3. PH 15-7 Mo stainless steel 
which was subjected to two treat- 
ments: (a) (CH 900) cold reduced 
60% at 75° F., aged at 900° F. for 1 
hr, air cooled; and (b) (RH 950) 
heated at 1750° F. for 10 min., air 
cooled, frozen at —100° F. for 8 hr., 


heated at 950° F. for 1 hr., air 
cooled. 

4. René 41, water quenched from 
1950° F., tempered for 16 hr. at 
1400° F., air cooled. 

5. Inconel “X”, 50% cold reduced, 
aged 20 hr. at 1100° F., air cooled. 

6. Nimonic 90, 30% cold reduced, 
aged 16 hr. at 1300° F., air cooled. 

All tensile tests were conducted 
by heating the specimens to a pre- 


GOLD STAR SRH 


. Much more! More and better welds in less time, for one thing. You buy the welder 


just once... 


but every minute it's in use, it’s bearing big interest in the form of in- 


creased production. More welder life too: Better basic design combines with Miller's 
own selenium rectifier to deliver performance, reliability and rectifier durability never 
approached elsewhere. And more economy too? Yes, especially more economy. That's 
why motor generator sets — even new ones — are being replaced daily with Miller Gold 


Star SR welders. 


Write for descriptive literature on the Miller Gold Star SR or SRH, or see your local 
Miller dealer for a demonstration on the how and the why of the ‘‘More You Get 


With a Miller."' 


He proves it! Aliso available upon request is a new and interesting 


pamphlet ‘'Rectifiers for Welding’’ — which you should have. 


| miller ELECTRIC MANUFACTURING COMPANY, APPLETON, WISCONSIN 


Distributed in Canada by Canadian Liquid Air Co., Ltd., Montreal 
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selected temperature in 10 sec., hold- 
ing at temperature for 10 sec. and 
then loading to failure at a strain 
rate of 0.1 in. per in. per sec. (This 
is about 1000 times faster than the 
rate used in normal tensile tests — 
0.005 in. per in. per min.). With a 
stress-strain curve being recorded to 
2% offset each time, two or three 
tests were made for each condition. 

For the creep tests, a number of 
constant load levels were selected to 
produce rupture in each material in 
times ranging from 1 min. to 30 min. 
In each test the load was applied at 
room temperature. Then, the speci- 
men was heated to the test tempera- 
ture in 30 sec. and held at constant 
temperature and constant load until 
rupture occurred. The strain was 
recorded as a function of time dur- 
ing both the heating time and the 
holding time. 

The maximum temperature was 
the same for the tensile and creep 
tests of each material. However, the 
minimum temperature for the creep 
evaluations was the lowest one at 
which the creep properties were a 
significant factor. 

The following conclusions were 
based on the data in this study: 

® The load-carrying capacity of 
structural sheet metals at elevated 
temperatures inereases as the time of 
exposure to load decreases from 30 
min. to 1 sec. 

® The stainless steels tested had 
higher tensile strengths than the 
nickel alloys at temperatures up to 
1000° F. Above this temperature, 
the nickel alloys were stronger. 

® The nickel alloys exhibited use- 
ful short-time creep properties at 
much higher temperatures than the 
stainless steels with the strengths of 
the nickel alloys in the 1400 to 
1800° F. range being roughly equal 
to that of the steels in the 1000 to 
1400° F. range. 

© Cold rolling certain austenitic 
stainless steels at subzero tempera- 
tures produced markedly higher 
short-time tensile strengths than the 
same operation conducted at room 
temperature. 

e The cold worked structures of 
all alloys tested had greater strength 
than the precipitation - hardened 
structures at low temperatures and 
for short rupture times at moderately 
elevated temperatures. However, in- 
creasing the temperatures and the 
times under load reversed this. 

BERNARD TROCK 
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Carbon /Graphite Facts 


for METALLURGISTS 


NATIONAL 


heat 
with non-melting 
NATIONAL graphite 


to 3000°C, 


shapes and ‘lies 
produced to your 
requirements 


fine powders to 
multi-ton blocks 


“National,”’ “Union Carbide,” and 
Shield Device are registered trade-marks 
for products of 
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NATIONAL CARBON COMPANY 


Division of Union Carbide Corporation - 270 Park Avenue, New York 17, N. Y. 
IN CANADA: Union Carbide Canada Limited, Toronto 


NATIONAL graphite, which is created by 
thousands of degrees of heat, has more use- 
ful properties for aero-space heat-resisting 
applications than any other material. 
Rocket nozzle inserts, vanes, and other 
components withstand temperatures of 
5000° F in fractions of a second. Graph- 
ite not only maintains dimensional stabil- 
ity, but gains strength as temperature rises. 
Light, non-melting graphite is the top an- 
swer to spacecraft thermal needs. 
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HEATING elements employing NATIONAL 
graphite provide excellent thermal, electri- 
cal, and mechanical advantages. Graphite 
elements can be fabricated to almost any 
configuration. The more common configu- 
rations are: hairpin or slotted plate type 
resistors and tubular and helical units that 
provide maximum resistance and require 
minimum space. Special shapes are readily 
available from NATIONAL CARBON’s com- 


pletely equipped machine shops. 
Circle No. 753 on Page 48-B 


A wide variety of materials can be effec- 
tively melted—by electrical resistance, 
induction, or radiation—in crucibles of 
NATIONAL graphite. Most molten metals 
do not attack graphite and are not contami- 
nated by it. Typical applications include: 
melting of aluminum alloys, exotic and 
precious metals, and quartz. NATIONAL 
CARBON can supply crucibles up to 61” in 
diameter. 
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WHATEVER your stock requirements in 
graphite, National Carbon Company —the 
nation’s most experienced graphite pro- 
ducer—can meet them with a wide variety 
of “off-the-shelf” square, rectangular, and 
cylindrical shapes, as well as fine-to-coarse 
powders and particles. Stock is available 
in quantity and a variety of grades—ready 
to be machined by your own equipment or, 
better still, by NATIONAL CARBON’s skilled 
craftsmen in our modern machine shops. 
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Wear and Lubrication 
Studies 


Digest of “Some Studies of 
Wear and _ Lubrication”, by 
A. W. Crook, Wear, Vol. 2, 1958. 
59, p. 364-393. 


XPERIMENTAL STUDIES of wear and 

lubrication carried out in recent 
years in England by the research 
staff of Associated Electrical Indus- 
tries, Ltd., are reviewed in this 
article. 


The wear experiments were gen- 
erally performed dry because tem- 
perature or radiation conditions that 
prevent the use of fluid lubricants 
are becoming more common, and 
also because wear associated with 
fluid lubrication occurs only when 
lubrication fails. The amount of 
wear was generally obtained from 
measurements on a stationary %-in. 
pin held with either its end or its 
side against a 1-in. ring mounted on 
a shaft rotating at any desired speed 
at right angles to the pin. 


HOW TO SAVE 


per year 


U LTRASONICALLY 


An experimental installation for removal of residual smudge from shot blasted strip 
by means of ultrasonics. A joint project of Pangborn Corp., Wean Engineering Co., Inc., 


and Branson Instruments, Inc. 


The shotblast method of descaling strip is becoming more and more popu- 
lar, especially among the lower tonnage producers, converters and fabrica- 
tors. In this process, hot bands are descaled in a blast cabinet with abrasive 
shot.-Today ultrasonic cleaning is on the way to replacing flash pickling. 
This method, which eliminates stream pollution and acid disposal, offers 


many extras: 


e LOW INITIAL INVESTMENT (for tanks due to inexpensive steel construc- 
tion) e LOW MAINTENANCE COSTS « LOW OPERATING COSTS (in terms of 
heat and power input) e REDUCED OPERATING TEMPERATURES « LITTLE 
OR NO CORROSION NO FUME REMOVAL NO ACID DISPOSAL SPACE 
SAVING (ultrasonic installations are shorter in length). 


Branson’s highly experienced, factory trained specialists stand ready to 
assist you anywhere in the U. S. Tell us about your particular problem and 
Branson's enginering department shall try to find the best possible solution 


in the shortest possible time. 


SINCE 1946 — THE RESPECTED NAME IN a 


"RANSON INSTRUMENTS, INC. / 


Uitrasonic Power Division 


6 Brown House Road, Stamford, Conn. 
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The volume of material worn 
away from the pin when the load 
was kept constant was, in many in- 
stances, proportional to the sliding 
distance. Thus, the wear rate, de- 
fined as the volume of wear per 
unit sliding distance, remained the 
same even though the area of the 
wear scar kept increasing and the 
mean pressure kept decreasing cor- 
respondingly. Such results were 
obtained for Teflon, 60-40 brass, 
beryllium, copper and Stellite pins 
in contact with hardened toolsteel 
rings, and also with ferritic stainless 
steel against cemented tungsten 
carbide, and with the latter against 
mild steel. Tests with the brass and 
Stellite pins showed the wear rate 
to be directly proportional to the 
load. 

Under some conditions, however, 
the variation of wear rate with load 
followed one line at low loads, a 
much higher one at high loads, and 
either line (or some value in_ be- 
tween) at intermediate loads. This 
occurred with 70-30 brass against 
hardened steel, where the upper 
line, for loads greater than 0.5 kg. 
(1.1 Ib.), was an order of magnitude 
higher than the lower line, which 
held for loads up to 5 kg. (11 Ib.). 

When the wear was mild, cor- 
responding to the lower curve, the 
debris was a fine dark nonmetallic 
powder, the surface was polished, 
and there was little subsurface dis- 
turbance (as determined metallo- 
graphically). On the other hand, 
when severe wear occurred, corre- 
sponding to the upper curve, the 
debris consisted of metallic flakes, 
the worn surfaces were rough, and 
there was considerable subsurface 
disturbance. Electrical resistance 
between the pin and the ring was 
high for mild wear, and very low for 
severe wear; this indicated that the 
surface was oxidized in the first in- 
stance, and metallic in the second. 

Radioactive tracer studies of the 
mild wear of a soft steel pin against 
a hardened steel ring showed that 
the wear particles coming from the 
pin first became attached to the ring. 
Only later did this transferred ma- 
terial come off as debris. Inactive 
rings rotating against radioactive 
pins became increasingly radioactive 
until an equilibrium activity was 
reached, which was independent of 
the load. However, the time to reach 
this equilibrium condition decreased 
as the load was increased. Substitu- 
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Office: No. 1, 1-chome, Marunouchi, 
Cable Address: YAWATASTEEL TOKYO, i 
Office: Immerman Strasse 15, Duesseldorf, West | . 
Tel: 1-0463 Cable Address: YAWATASTEEL DUESSELDORF 
fees Office: Rm. 2009, Seagram Bldg., 375 Park Ave., New 
22, N.Y., U.S.A. Tel: Murray Hill 8-3327 
Address: YAWATAISCO NEWYORK 
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tion of one pin for another during 
the course of an experiment did not 
disturb the amount of transfer or 
the wear rate. This made it possible 
to exchange a radioactive pin for 
an inactive one or vice versa. By this 
means, it was shown that material 
transferred from the pin to the ring 
did not transfer back to the pin. 

The debris was FeO, in the form 
of a fine black powder. It came from 
radioactive gray patches in the wear 
track on the ring which were about 
0.5 micron thick and formed the 
actual rubbing surface. The ex- 
planation offered for these phenom- 
ena is that particles from the pin 
welded on to the ring, and were 
then smoothed out and joined with 
other such particles to form the gray 
patches. These oxidized on becom- 
ing hot, and eventually sloughed off 
to form the debris. Fresh transfer of 
material from the pin occurred wher- 
ever the ring surface had been 
cleaned off. Thus, the factor limiting 
both transfer and wear was the rate 
at which the transferred layer oxi- 
dized. Not all mild wear proceeded 
in this fashion. When a hard steel 
pin rubbed against a hard steel ring, 
the wear mechanism that was 
eventually predominant was abra- 
sion of both surfaces by aggregates 
of submicroscopic oxide particles. 

In the severe wear of 60-40 
leaded brass against hard steel, the 
debris again was derived entirely 
from a transferred layer, but it was 
metallic. The wear particles were 
the same size as the individual trans- 
fer patches. The linear increase in 
wear rate with load was due to an 
increase in the particle size rather 
than in their number. The wear par- 
ticles were flakes whose _ thickness, 
about 15 microns, was independent 
of the lead. 

The wear process can change the 
nature of the surface and cause it 
to become complicated and irregu- 
lar. Thus, mild and severe wear may 
occur alternately or even simul- 
taneously; or a heavy load may 
thermally harden a steel surface so 
that the initial severe wear changes 
to mild wear while an_ identical 
piece subjected to a lower load may 
continue to undergo severe wear 
because insufficient heat is gener- 
ated to harden it. Steels too low in 
carbon to be capable of hardening 


thermocouple 
wire with 


metal sheath and mineral 
insulation (.020’ to .500° O.D.) 
for universal application 
especially when high tem - 
peratures, high pressures, 
or space limitations are 
factors, and for sensitiv- 
ity and quick response. 


Many sizes in I.S.A. cali- 
brations with 304 stainless 
steel or Inconelsheath and 
MgO insulation carried in 
stock. Hundreds of other 
combinations may be or- 
dered to suit conditions. 


Get the facts on 
XACTPAK today 
BULLETIN 1-500 

Thermocouples 
Fittings 
Connections 
Terminations 
and Assemblies 


CLAUD S. GORDON Co. 
Manufacturers + Engineers + Distributors 


613 West 30th Street, Chicago 16, Ill. 
2021 Hamilton Ave., Cleveland 14, Ohio 
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BRAZING ALLOYS AND FLUXES ~~~ 


Select a brazing alloy “tailored” to your precise re- 
quirements from the complete line of Silvaloy Low Tem- 
perature silver brazing alloys and fluxes. Silvaloy bond 
is as strong or stronger than the metals joined... avail- 
able in wire, coil, strip, plymetal or preformed shape 
most convenient and economical for your production 
procedure. « Silvaloy is used by the country’s leading 
manufacturers to speed and simplify production, to as- 
sure highest quality work, at lowest cost. Write for 
literature. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE * NEWARK, N. J. 


CONTOUR ~~ < 
ROLLED STOCK TO = .001 INCH DIMENSIONS 


New Makepeace development produces contoured 
strip stock with cross sections formed of one or more 
curved surfaces to tolerances as close as + .001”—with 
temper fully controlled. Finishes down to 8 micro-inches 
maintained . . . blending of multiple radii accomplished 
with minimum varation. Extremely intricate angles and 
combinations rolled into rod, wire, tubing and sheet. 
Any cold-workable material suited to process, i.e., alu- 
minum, copper-base alloys, stainless steels, waspalloy, 
titanium, cobalt-nickel alloys, inconel and monel. Con- 
toured stock parts ideal for machinery, appliances, 
engines and fittings. 


D. E. MAKEPEACE DIVISION 
PINE & DUNHAM STREET * ATTLEBORO, MASS. 
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ENGELHARD HYDROGEN DIFFUSION PURIFIER 


This Hydrogen Purifier removes all impurities (including 
oxygen, nitrogen, argon, water vapor, hydrocarbons, 
etc.) from hydrogen gas streams. Produces hydrogen 
of highest purity obtainable from dissociated ammonia, 
steam reformed natural gas or propane, commercial 
hydrogen purchased in cylinders and other hydrogen 
containing gas streams. No trace of impurities detect- 
able in purified gas. Ultra-pure product hydrogen 
obtained at lowest cost. « Available in standard sizes: 
100 c.c. per hour, 20 SCFH, 75 SCFH, and 150 SCFH. 
Larger sizes custom built to requirements. Write for 
literature. 


INDUSTRIAL EQUIPMENT DIVISION 


IPMENT SECTION 


GAs 
113 ASTOR STREET * NEWARK, N. J. 


SALES OFFICES: CHICAGO + DALLAS + DETROIT + 
HOUSTON + LOS ANGELES + NEW YORK + ORLANDO + 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 


Please send literature as indicated below, 
addressed to my attention: 


High Diffusion Purifier Contour Rolled Stock 


C) Silver Brazing Alloys and Fluxes 


NAME 


STREET 
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PRODUCTION 


HEAT 
TREATING 
EQUIPMENT 


of any of these types 


* BATCH 

* CONVEYOR 

* ROTARY 

* CAR TYPE 

* SHAKER HEARTH 
* ROLLER TYPE 

* WALKING BEAM 
PUSHER TYPE 


6545 Epworth Bivd., Detroit 10, Mich. 
Phone TY 4-5700 
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sufficiently in this manner may 
harden because the surface has 
absorbed nitrogen from the air or 
carbon from a lubricant. 


Studies of Lubrication 


Lubrication studies were per- 
formed with the aid of rotating 
disks, which can simulate the rolling 
and sliding notions of contacting 
gear teeth. Even at the extremely 
high contact pressures characteristic 
of turbine reduction gears, electrical 
resistance measurements showed 
that lubrication was essentially 
hydrodynamic when the disks had 
been run against each other for a 
sufficient time to become smoothed 
over. Initially, the resistance was 
less than 1 ohm, corresponding to a 
boundary layer which permitted the 
disk surfaces to come in contact at 
their high points. As these wore 
away (during a period of 10 hr.), 
the resistance gradually increased 
to 50,000 ohms, corresponding to a 
continuous hydrodynamic film about 
1 micron thick. 

It is difficult to determine actual 
film thickness because of complica- 
tions introduced by the effect of high 
pressure on the viscosity of the oil 
and on the deformation of the disks 
in the vicinity of their closest ap- 
proach. A method that was used 
successfully was to measure the 
electrical capacitance of the film 
between each disk and a flat pad 
floating on the film and located 90° 
from the conjunction of the disks. 
It was found that as the load was 
increased above 2.5 kg. per sq.cm. 
(36 Ib. per sq.in.) of disk width, the 
film thickness decreased less rapidly 
than expected on the assumption of 
constant viscosity; and that above 
20 kg. per sq.cm. (290 Ib. per sq.in. ) 
the film thickness remained approxi- 
mately constant because of the de- 
formation of the disks combined 
with the continued increase in vis- 
cosity. Over a range of loads and 
speeds, the film thickness was of the 
order of 1 micron for both rolling 
and sliding conditions. 

Although the thickness of the oil 
film between the disks was not af- 
fected very much by the load, it was 
quite sensitive to the surface tem- 
perature of the disks. This was 
demonstrated by turning the oil off 
after the disks had been running 


THERMOCOUPLE 
WELLS 


Nine basic types of standard pressure- 
tight wells, with or without T/C assem- 
blies, and any type of special wells made 
to order. All are beta-gage checked for 
concentricity. Thermocouple wells are 
among thousands of accessories—all 
available from a single dependable 
source—that can 
help your instru- 
ments perform at 
their very best. 


Get complete de- | 
tails from your 
nearby Honeywell 
field engineer, or 
write today for 
Catalog G100-5. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
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... who thought all of the world’s tech- COMMAND ! However... there was much more information than 
nical resources were at HIS he could conceivably assimilate... 
BECAUSE... 


...and some companies use thousands 
of man hours and dollars to find just 
one vital piece of information 


NOW! Here's a specialized ASM service 
developed to provide you with NEEDED 
INFORMATION rapidly, accurately and 


at minimum expense! 


everyday, new developments in materials 
and processes ALL OVER THE WORLD 
are being described and reported 


Utilizing the expediency and accuracy of electronic recording, 
ASM’s Information Servicing Program can become your best 
source of obtaining specific information. Data necessary for 
your marketing, development and research programs can be 
yours in minimum time at minimum cost. State your 
problems . . . ranging from ores and concentrates to heat 
treating, fabrication, solid state physics and all information 
on metals. ASM’s Information Searching Service will supply 
you with a world-full of data. 

This is another ASM service dedicated to progress in the 
scientific fields of metals and related subjects. 


36,000 abstracts are compiled each year 
from the world's published metallurgical literature! 


3 000 metals periodicals are also indexed and 
made a matter of technical record! 


50,000 per hour is the rate at which ASM's 
electronic brain searches all of the related and 
indexed documents to provide ANSWERS to your 
specific 


Please send me complete data on ASM's 
Information Searching Program. 


Title 


Name 


Company 


AMERICAN SOCIETY FOR METALS 
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NEW KODAK 


METAL-ETCH 
RESIST 


opens new chemical-milling 
applications 


Speeds up, simplifies deep etch 
weight reduction and parts manu- 
facture. Reproduces fine-line detail 
as in plating, dial and name-plate 
making. This new photographic 
process ends time-consuming hand- 
work, results in high accuracy. 
Kodak Metal-Etch Resist withstands 
acids, alkalies, electrolytic fluids 

. . adheres well to aluminum, 
titanium, magnesium, stainless and 
other alloy steels. High stability 
and strict uniformity simplify vol- 
ume production. Send today for a 
detailed 16-page brochure that 
gives all the facts. 


Text tor this od was set photographical! 


No or sugg is to be dered o di 
tion or inducement of any use, manufacture or sale that may 
infringe on any patents now or hereafter in existence 


Graphic Reproduction Sales Division | 
EASTMAN KODAK COMPANY | 
Rochester 4, N. Y. | 

Please send me a copy of the booklet, 
“Etching, Chemical Milling and Plating | 
with Kodak Metal-Etch Resist’’ (P-36). | 


Name | 
| 


Company 
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long enough under rolling conditions 
for equilibrium to be established. 
The film thickness decreased gradu- 
ally to a somewhat lower value while 
the disk temperature increased 
gradually. But when the oil was 
turned on again, the film thickness 
and the disk temperature gradually 
approached their former levels. Had 
the initial drop in film thickness 
been due simply to a progressive oil 
loss after the oil was turned off, 
then the original thickness should 
have been quickly restored when the 
oil was turned on again. 

Similar results were obtained un- 
der combined rolling and _ sliding 
conditions, which led to a consider- 
ably greater rise in the temperature 
of the oil where it was squeezed 
between the disks. It was concluded 
that this temperature had relatively 
little effect on the film thickness, 
and that it was the disk temperature 
that determined the viscosity and 
thickness of the oil entering the pres- 
sure zone between the disks. 


In as much as highly polished 
disks were used in the work de- 
scribed above, parallel results will 
not necessarily be obtained in ac- 
tual practice; ordinary surfaces may 
fail by scuffing or pitting before 
they can be worn in to a compar- 
able smoothness. Failure from scuff- 
ing that occurred when the full load 
was applied initially did not occur 
when the load was gradually built 
up so that essentially hydrodynamic 
lubrication was permitted to exist 
between the disks at all stages. The 
delay observed between the applica- 
tion of the scuffing load to the disks 
and the initiation of visible scuffing 
was apparently due to the time re- 
quired to raise the surface tempera- 
ture, and thus reduce the film 
thickness so that the high spots that 
were still present could come in 
contact. 

Pitting, which can occur in the 
absence of. scuffing, is due to the 
development of fine cracks which 
spread and eventually leave craters 
in the surface. Experiments with 
mild steel disks, on which radial 


wire markers were embedded, indi- 


Radiant Tube 


Fabrications 


Alloy produces heating and cooling 
tubes and tube assemblies from any 
heat or corrosion resistant metal. 
Tubes are produced from thin wall 20 


gauge up to 3/16-in. and heavier wall. :- 
Pressed or spun bends are furnished — 
to meet your requirements. Tube 8 
Produced to your specs . . . or Alloy- bed 
11 gauge 
engineered to your needs. Write today! a 
309 S.S. 


ALLOY ENGINEERING COMPANY 
70 Sheldon Road / Berea, Ohio 
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). WALTER REX tells why 
\ he chose Lindberg equipment for his 
new Florida plant 


QUOTE from 
Mr. Rex 


“When we designed our new plant, 
Rex of Florida, Inc., we made sure 
we could provide the Florida metal 
working industry with complete heat 
treating services. After carefully sur- 
veying the industrial activities we 
would serve we knew we would be 
sisi called upon to offer scientifically con- 
trolled, high quality heat treating for 
a variety of metals, both ferrous and 
non-ferrous, and an unusual diver- 
sity of sizes, shapes and weights. Our 
long experience with Lindberg fur- 
naces and atmosphere controls 
a assured us that we could depend on 
Lindberg equipment to help us meet 
most efficiently the widely varying 
demands of our Florida customers.” 


J. Walter Rex, President, Rex of Florida, Inc., Fort Lauderdale, with Lindberg high temper- 
ature, all-purpose furnace, one of six Lindberg units specified for this new plant. Mr. Rex, 
also President, J. W. Rex Company, Lansdale, Penna., is recognized as one of the foremost 
metal working authorities and his commercial heat treating operations are among the largest 
and most important in the country, particularly in treating components for rockets and missiles. 


Mr. Rex's confidence in the ability of Lindberg equipment to meet the most exacting 
commercial heat treating requirements is based on the years of efficient and depend- 
able service rendered by Lindberg units in his commercial heat treating operations. 
He has been a Lindberg customer for nearly 20 years. We're glad that he has found 
our equipment so satisfactory. We're very well satisfied with Mr. Rex as a customer, 
too. Altogether, including the units for Rex of Florida, liic., he has purchased 34 
Lindberg units over the years. 


Lindberg offers the most complete line of fuel-fired and electric furnaces and 
equipment for heat treating ferrous and non-ferrous metals available to industry. 
If you have any problem in heat treating, get your local Lindberg representative's 
help now. You can depend on his experience and Lindberg's engineering and design 
know-how to provide exactly the right equipment for your need. And it's easy, too! 
Just call your Lindberg Field Engineer (he's listed in your classified phone book) or 
write us direct. Heat Treating Furnace Division, Lindberg Engineering Company, 
2448 West Hubbard Street, Chicago 12, Illinois. 


Los Angeles plant: 11937 S. Regentview Avenue, Downey, California. In Canada: Birlefco-Lindberg 
Ltd.,15 Pelham Ave., Toronto 9, Ont. Also, Lindberg plants in Argentina, Australia, England, France, 
italy, Japan, Spain, Switzerland and West Germany. 
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cated that the observed occurrance 
of pitting only on the slower moving 
surface was associated with the 
greater shearing of that surface layer 
relative to the rest of the disk. 

L. P. TARAsov 


Base-Metal 
Thermocouples 


Digest of “Basic Studies on 
Base-Metal Thermocouples”, by 
J. F. Potts, Jr., and D. L. Me- 
Elroy. Paper (Preprint 158A) 
presented at the S.A.E. National 
Aeronautic Meeting, April 1960, 
New York. 


HE AUTHORS DESCRIBE some of 

the studies which have been con- 
ducted on base-metal thermocouples 
up to 1090° C. (2000° F.) at the 
Oak Ridge National Laboratory and 
the University of Tennessee Engi- 
neering Experiment station. The 
three questions asked were: How 
reliable are Chromel-P/Alumel 


thermocouples up to 1000° C. 
(1830° F.)? Why is this combina- 
tion good or bad? Furthermore, 
does a better combination exist? 

To answer these questions, the 
authors carried out life tests in air, 
under static and time-varying tem- 
peratures from 150 to 1000° C. (300 
to 1830° F.) on a variety of nickel- 
base alloys. During these tests, in- 
formation was collected on the 
change of thermal emf. with time 
at temperature, the effects of meth- 
ods of fabrication, and protection 
by encasement and alloying. 

They found that up to 390° C. 
(735° F.) no one commercial 
thermocouple had a particular ad- 
vantage up to 6000 hr. Cold work- 
ing and oxidation effects were 
reduced in this temperature range. 

The high-temperature tests (880 
and 980° C. or 1615 and 1795° F.) 
showed differences between normal- 
ly handled (bare hands, without sol- 
vents) and specially handled (gloves 
and _ solvents) thermocouples at 
880° C. The normally handled 20- 
gage Chromel-P/Alumel thermocou- 
ples perform better than the others. 


However, a comparison of the mean 
of the standard deviations indicates 
that the spread of data of the nor- 
mally handled couples is eight times 
that of the specially handled. The 
drift at 980° C. (1795° F.) is more 
than at 880° C. (1615° F.), and 
the reducing effect of contaminants 
is overshadowed by oxidation effects. 
But again there is a greater spread 
in the normally handled couples. 

The drift and failure perform- 
ance of Chromel-P/Alumel, Kanthal 
P/N, and Geminol P/N at 880° C. 
and 980° C. showed a marked ad- 
vantage to the latter combinations. 
The improved behavior of the latter 
two couples is primarily associated 
with the oxidation resistance of 
Kanthal N (2.4% Si, balance Ni) 
and Geminol N. 

To check the effect of silicon on 
nickel as a thermocouple wire, drift 
tests were run on solid-solution al- 
loys of 0, 1, 2, 3, 4 and 5% Si in 
nickel. These tests showed that 
small drifts were observed in all 
materials except in the 1% Si alloy. 
This drift is associated with the poor 
oxidation resistance of the 1% alloy, 
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sections for pre-heat, hot and cooling zones deter- 
mined by work to be performed. Choice of controls. 
Suited for wide range of production work calling for 
temperatures up to 2750 degrees F. Easily assembled 
on the job. Consult us on your needs. 
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and the large effect a small amount 
of silicon has on the thermal emf. 
of nickel. Microstructural examina- 
tion and weight-grain tests on these 
alloys indicated that the amount of 
oxidation decreases uniformly up to 
5% Si. 

In regard to the Chromel-P al- 
loy, the authors showed that in an 
argon atmosphere the carbon pres- 
ent in the alloy can cause the pre- 
cipitation of chromium carbide. 
However, the consequent removal of 
chromium from solid-solution pro- 
duces a maximum change of 1° C. 
at 450° C. In an environment where 
a carbon source exists (carbon 
monoxide, for example), a precipi- 
tate formed at the grain boundaries 
and caused a large change (about 
20% decrease) in the thermal emf. 

To sum up: Commercial thermo- 
couples drift less than + 1° C. below 
390° C.; Special handling of thermo- 
couples may not produce less drift 
at a given temperature, but does re- 
duce the spread in emf. The addi- 


tion of 2 to 3% Si to nickel results 
in an alloy superior to Alumel as a 
thermoelement; in an inert atmos- 


phere there is not enough carbon in 
Chromel-P to cause a detectable 
change in its thermal emf. 

W. A. Morcan 


Nickel Plating by the 
Kanigen Process 


Digest of “Chemical Nickel 
Plating On a Large Scale by the 
Kanigen Process”, by W. L. Cre- 
han. Paper No. 59-A286_ pre- 
sented before the Annual Meet- 
ing of the A.S.M.E., December 
1959, Atlantic City, N.J. 


HIS ACCOUNT OF APPLICATIONS 

for electroless nickel-plating proc- 
ess includes a description of a pro- 
cedure for coating the inside surface 
of railroad tank cars, cast iron pump 
casings, and manifolds. According 
to the author, similar procedures 
have been used for plating high- 
pressure gas storage bottles, fuel in- 
jector plates and nozzles for launch- 
ing rockets, fuel pumps and fuel 
metering devices for jet aircraft, 
steel pump shafts and valves for 
petroleum products, hydraulic cyl- 


inders for gas heat exchangers, ti- 
tanium hydraulic cylinders, and 
others items. 

About 150 tank cars have been 
plated in three years to provide pro- 
tection for caustic soda, ethylene 
oxide, tetraethyl lead, oil, glucose, 
rosin size, fatty acids and glycerine. 
The procedure for preparing tanks 
for plating illustrates the need for 
thorough and complete cleaning, 
which is just as important for elec- 
troless plating as it is for electro- 
plating. After alkaline cleaning and 
treatment with acid, plating solution 
is pumped into the vessel, which is 
rotated on_ its major axis. Solution 
drained from the tank is regenerated, 
filtered, and reheated externally. 

Gas entrapment, which inhibits 
plating, is prevented by rotating the 
vessel. In instances where rotating 
is impractical a rocking fixture is 
employed. Castings and other parts 
plated on external surfaces also are 
“fixtured” for movement to prevent 
gas entrapment. 

The surfaces of iron castings pre- 
ferably are decarburized in a fused 
salt bath, prior to plating. If they 
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Nickel Plating . . 


are too large to fit into the salt bath 
at hand, they are sand-blasted in- 
stead. Pickling and alkaline clean- 
ing steps are reduced to a minimum 
to prevent smut formation, which is 
attributed to the carbon present in 
the castings. 

The author does not indicate the 
thickness of the coating deposited 
on tank car surfaces or cast iron 
casings, but the thickness for other 
applications ranges from 0.001 to 
0.005 in. on_ steel components. 
Thinner coatings are deposited on 
aluminum to prevent wear, on ti- 
tanium to prevent galling and on 
stainless to prevent stress corrosion. 


Some of the properties of the 
chemical nickel deposits, containing 
8 to 10% P, are discussed. The 
author refers to the deposit as “am- 
orphous” because x-ray patterns 
showed no evidence of individual 
crystals and were “similar” to pat- 
terns for glass and plastics. Crys- 
tallization occurs by heat treating 
at 400°C. (750° F.), which also 
increases the Vickers hardness of 
the coating from 550 to 1000. Heat 
treating at a higher temperature 
softens the coating, but improves 
its ductility. 

High strength steel suffered no 
loss in tensile strength when plated 
with chemical nickel and heat 
treated for hydrogen relief, nor was 
its capacity for impact energy ab- 
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sorption altered. Endurance limit, 
however, was reduced 25%. 

The cost for plating the chemical 
nickel on flat pieces is said to be 
eight to ten times the cost of nickel 
electroplating. On complex shapes 
where special anoding would be re- 
quired for electroplating, the cost 
for chemical nickel plating becomes 
comparative or even lower. In place 
of corrosion-resistant alloys or clad 
steel, electroless nickel can effect 
“considerable savings”, according to 
the author. 

For additional information on the 
history, theory, and practice of elec- 
troless nickel plating, the reader 
should consult A.S.T.M. Special 
Technical Publication No. 265, 
“Symposium on Electroless Nickel 
Plating” (American Society for 
Testing Materials, Philadelphia, Pa. 
W. H. SAFRANEK 


Spark Hardening 


Digest of “Spark-Hardening 
of Metals”, by N. C. Welsh, 
Journal of the Institute of Met- 
als, Vol. 88, 1959-60, p. 103-111. 


ARLY EXPERIMENTS CONCERNING 

the effect of electrical sparks 
struck between contacts of elec- 
trolytic iron revealed that the scratch 
resistance increased greatly in the 
heated zone. Since copper and 
nickel contacts were not so affected, 
the surprising hardness increase in 
the low-carbon iron was attributed to 
the rapid chilling of minute volumes. 

Recent publications described the 
Russian work on spark hardening 
and its application to practical prob- 
lems of surface hardening of fer- 
rous materials. Further, two firms 
in Britain are marketing spark- 
hardening equipment. Despite the 
practical success claimed for the 
process, no detailed description of 
the constitutional changes produced 
by sparks has been given. 

In these experiments, as in Rus- 
sian practice, a succession of sparks 
was produced by the action of a 
vibrating electrode which repeat- 
edly made and broke contact with 
the workpiece surface. Two types 
of power supply were used. To 
study the general effects of thermal 
pulses, the researchers employed a 
small transformer having 8 or 20-v. 
taps. On the other hand, when the 
principal objective was to transfer 
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ITS GOOD NATURE! 
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SCOVIL 


introduces the E-beam mark V electron beam evaporator 


The Mark V Electron Beam Evaporator is a reasonably priced, highly flexible unit for producing thin metallic and 
non- metallic films by vapor deposition through electron bombardment heating. 

Completely self-contained and free of any radiation hazard, it is an invaluable research and development or limited- 
production tool for thin-film applications, including micro-miniaturized electronic circuitry, optical filters, semicon- 
ductors, magnetic tapes, and countless other components. 

Vacuum system, electron gun, power supply and controls are conveniently arranged for maximum accessibility 
and simplicity of operation and maintenance. 

Only cooling water, electrical power, and low pressure air are needed to make the unit completely operative. 

Flexibility is built in: modular design allows for interchangeable chambers, permitting the Mark V to be converted 
into a welder or a melter by substituting a modified chamber. 

For complete information on the Mark V evaporator, the Mark VI welder, and Alloyd’s engineering and custom 


services in electron beam applications, just write: alloyd elect ronics corporation 


AN AFFILIATE OF THE ALLOYD CORPORATION, 
37 CAMBRIDGE PARKWAY, CAMBRIDGE, MASSACHUSETTS 
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Ultra-narrow heating zone Alloyd to meet custom re- 
permits optimum control quirements. We also offer 
and precision in handling engineering, consulting, and 
very thin pieces or welding research and development 
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and development. Ask us 
for complete information. 
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THE AMERICAN SOCIETY FOR METALS announces the last two intensive 1961 


One Week MEI Summer Courses 


' 


Courses will be held from 8:30 AM til 5:00 PM at quiet suburban inns where rooms will 
be available to out of town registrants. 


SUBJECT: PRINCIPLES OF HEAT TREATING 


Learn more about: hardenability, carburizing, nitriding, grain size control, distortion, secondary 
hardening, stress relief tempering, and many other related subjects. 


Aug. 23-30 (Wed. to Wed.) Detroit, Michigan—Dearborn Inn 
Sept. 11-15 (Mon. thru Fri.) Wallingford, Conn.—Yale Motor Inn 


WHAT REGISTRANTS to early summer MEI courses SAY: 


© "The answers to two of our most pressing problems have more than justified my attendance.” 

“The course contains much more than | expected—am very satisfied.” 

"I learned a great deal more than | thought | would. We've been blaming the wrong people for distortion problems.” 
“Our heat treating procedures make more sense to me now.” 


Class size will definitely be limited; to be assured of a reservation, write now for details. 


AMERICAN SOCIETY for METALS 


Department MEI 
Metals Park, Ohio 


DETROIT 
CONNECTICUT 


Please send me information on the one-week course af. eee 
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Spark Hardening . . . 


electrode material, current was 
drawn from condensers charged by 
a 120-v. rectified source. 

In some experiments the electrode 
was traversed over the workpiece 
surface by hand control. However, 
to assure uniformity, particularly for 
wear-test specimens, a mechanical 
traverse was often employed. Cer- 
tain of these experiments were car- 
ried out with an electrode of the 
same material as the workpiece, a 
procedure which has been desig- 
nated “self-sparking”. 

The brief, but intense, heat of the 
spark produces steep temperature 
gradients in the metal surface. Two 
important thermal zones can be 
recognized: (a) that in which the 
temperature reached a point be- 
tween the melting point and the 
boiling point of the metal, and (b) 
that in which the temperature was 
less than the melting point but high 
enough to modify the structure. 
Since the mass of metal heated in 


each spark is minute compared to 
the bulk of the piece and the dur- 
ation of heating is short, the cooling 
rate is extremely rapid, and the 
austenite formed can be expected 
to transform to martensite. 

To determine the influence of 
thermal treatment affected by the 
spark in the absence of all inten- 
tional alloying, plain steels of various 


carbon contents were self-sparked, © 


and the surface hardening was 
measured. If the spark action 
simply produced a local quench 
hardening, the hardness of the prod- 
uct would be expected to vary with 
the carbon content of the steel. 
However, the hardness of the melted 
zone proved to be insensitive to 
carbon content — and even pure iron 
attained a value of Vickers 850. In 
contrast, the heat-affected, but un- 
melted, zone hardened to levels 
characteristic of normally heat 
treated steels. 

To test the hypothesis that the 
hardenability of the fused metal is 
increased by reaction with atmos- 
pheric gases, the experiments were 


repeated in distilled water to shield 
the spark from the atmosphere. The 
theory was proven when hardness 
values of the fused zone were then 
found to agree closely with the 
quenched hardness of steels of the 
same composition. 

The most likely atmosphere con- 
taminant is nitrogen since this ele- 
ment is analogous to carbon in its 
influence on the allotropic forms of 
iron. Microchemical analyses of air- 
sparked surfaces revealed a sub- 
stantial increase in nitrogen which 
was believed to be large enough to 
account for the observed hardness. 

The effect of fortuitous alloying 
with atmospheric elements is equiv- 
alent to an increase in carbon con- 
tent. The carbon content can be 
increased during spark treatment 
either by immersion in a hydrocar- 
bon or through the use of a graphite 
electrode. Workers tried both sys- 
tems, and found that carbon was 
more readily assimilated from a 
graphite electrode than from decom- 
posed oil. Further, the former tech- 
nique resulted in less surface erosion. 
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The production of iron carbide on 
surfaces sparked with graphite con- 
fers a degree of hardness exceeding 
that of martensitic steel. Carbides 
of greater intrinsic hardness than 
iron carbide were formed by intro- 
ducing finely divided metals, which 
formed hard carbides, into the spark 
zone. (Such metals included chro- 
mium, molybdenum, tungsten and 
tantalum.) Hardnesses as high as 
Vickers 2000 were observed on sur- 
faces treated with tantalum powder. 

During sparking, matter may be 
transferred by several processes, 
and the degree of alloying will be 
determined by the rates of erosion 
and of electrode transfer. Experi- 
ments made using hard-metal car- 
bide electrodes demonstrated the 
transfer of material to the work- 
piece. The depth of alloying was 
observed to be about 0.10 mm. and 
analysis of this layer revealed that 
the steel was progressively enriched 
with transfer material. 

The wear resistances of sparked 
surfaces were assessed by a dry 
wear test with a case-carburized 
mild steel sample being used as a 
standard of comparison. Scientists 
noted a very marked reduction of 
wear rate for samples alloyed by 
electrode transfer from a_ hard 
carbide. 

Samples of titanium and zirconium 
were also surface hardened by 
sparking. They were carburized by 
graphite electrodes and paraffin oil. 
Subsequent wear tests revealed a re- 
markable increase in wear resistance 
for both treatments. 

R. F. HarTMANNn 


DISTORTION IN | 
Toot STEELS 


This practical, easy-to-read 
| book by Bernard S. Lement 
| helps you understand and remedy 
the size and shape changes in 
tool steels which occur during 
and after processing . . . with em- 
phasis on methods of heat treat- 
ment for precise dimensional con- 
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useful and usable information. 
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Leading off this month’s issue are four articles dealing with vari- 
ous aspects of high-energy forming. In the first, “How to Design 
for Explosive Forming” on p. 66, Vernon H. Monteil of Rocketdyne 
points out the advantages of the process as a supplemental tech- 
nique in shaping difficult materials and large parts. Recently ap- 
pointed supervisor of the explosive forming unit of Rocketdyne in 
Canoga Park, Calif. (a division of North American Aviation, Inc.), 
he is working on the study of high-rate forming of complex metal 
parts. A graduate of the University of Notre Dame (with a B.S. 
degree in chemical engineering) and the University of Kansas (with 
an M.S. in chemical engineering), he is now working toward his 
doctorate at the University of Southern California. Following a 
three-year period at Colgate-Palmolive as a process evaluation and 
control engineer, he joined Rocketdyne’s research department at 
the Propulsion Field Laboratory. His experience here has included 
research work on solids evaluation, nonpropellant gas generating 
systems, high-energy propellants and fluorine capability studies. 


Ryan’s experience in explosive forming is related by Floyd A. Cox, 
manager of manufacturing research and development at Ryan Aero- 
nautical Co. in San 
Diego, and a member of 
the company’s staff for 
17 years. He graduated 
from Carnegie Institute 
of Technology where he 
studied mechanical en- 
gineering, then went on 
to further studies in 
aeronautics engineering 
at Curtiss-Wright Tech- 
nical Institute of Aero- 
nautics in Los Angeles. 
His experience has cen- 
tered on the aircraft in- 
dustry for the most part, 
first with Solar Aircraft, 
both in San Diego and 
Des Moines, and then at 
Convair. He came to 
Ryan in 1944 as staff assistant to the superintendent of production 
engineering, rising through various positions to his current post 
where the supervises the development of new techniques such as 
high-energy forming, machining exotic metals, chemical milling, 
fusion and resistance welding. 
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The last article in the High-Energy Forming series. is based on 
Boeing's work in forming with explosive gas mixtures. John Miller 
(below, left) and Philip Kruse are both long-time staff members at 
Boeing Co. Mr. Miller, who is lead engineer of the explosive form- 
ing group in the manufacturing development section, majored in 
mechanical engineering at Pasadena City College and has worked 
at Boeing for 18 years. His background includes 12 years as ma- 
chinist and tool and die maker as well as several years of forming 


John Miller (Left) and Philip Kruse Examine a Part Blank 
and an Explosive-Formed Finished Gas Turbine Part 


tool design. Phil Kruse, now lead engineer of the advanced projects 
group, has worked as lead engineer in several manufacturing de- 
velopment groups during his 21 years with the company, including 
forming, heat treating, and heat sources. He attended Seattle 
University where he studied mechanical engineering. 


A need for “inside information” about temperatures of hot billets 
in a furnace led to Selas’ development of “Thermolog”, an analog 
simulator, under the direction of Chung Liao Feng, author of “Com- 
puter Helps Speed Heat Cycles” on p. 79. Faced with the im- 
practicability of direct experimentation, Mr. Feng demonstrated 
that analog simulation could obtain necessary data on the internal 
temperature distribution of large billets progressing through a con- 
tinuous forging furnace. An early version of Thermolog was de- 
signed and built under his direction and later expanded to its pres- 
ent form. He came to Selas Corp. of America in 1958 after three 
years at Minneapolis-Honeywell’s Brown Instrument Research Div., 
Philadelphia, where, as senior research engineer, he made several 
inventions (with patents applied for) including an analog-to-digital 
pneumatic converter and a continuous hydrostatic transmission. 
Earlier he was a project engineer at ITE Circuit Breaker Co. and 
a consulting engineer with A. C. Caldwell. A native of China, 
he came to the United States in 1945 to the U.S. War Dept. as an 
interpreter in a program for training Chinese pilots at Army 
Air Force flight schools here. He received his M.S. degree in me- 
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FLEXIMET 


Here’s a tough heat stable 
protective lubricant forti- 
fied with extreme pressure 
additives to promote opti- 
mum lubricity. The result- 
ing coating provides good 
protection and “built-in” 
lubrication for finished rope 
or cable wire. Designed to 
remain stable after stress 
relief, heat treatment or 
patenting. 

Use Fleximet PCM as 
received, directly in die box. 
WRITE SWIFT FOR BULLETIN 46 
and details on other FLEXIMET 
products 


* A metallic base lubricant, fortified 
with additives including molydisul- 
fide to provide EP properties. 


SWIFT & COMPANY 
SOAP DEPARTMENT 


115 W. Jackson Bivd., Chicago 4, Illinois 
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CARBON 
ANALYSIS 


with a DIETERT- DETROIT 
CARBON DETERMINATOR 


STAINLESS ALLOYS 
PETROLEUM CATALYST 
ORGANIC CHEMICALS 

STEEL AND IRON 
FOUNDRY SANDS 


Determine carbon content in just 2 minutes! 
No complicated mathematics; eliminates 
costly time-consuming routines. Accurate 
analysis of borings, mill chips, crushed 
samples, pellets, etc. Dietert-Detroit testing 
equipment widely used in company labora- 
tories and institutions for over 22 years. 
Sulfur Determinators also available 


HARRY W. DIETERT CO. 
CONTROL EQUIPMENT 
9330 Roselawn « Detro! 4. Mich 


Send me free 16 page Carbon-Su/fur Bulletin 


Name 


Company 
Address 
City 
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C. L. Feng Directed Development of 
Selas’ “Thermoloy”, an Analog Simulator 


chanical engineering from the University of Pennsylvania’s Towne 
School in 1954, an M.S. in mathematics from Temple University in 
1957 and is now well along the way toward his doctorate in physics. 

Although his time is well filled with his technical work and con- 
tinuing studies, he has managed to develop a wide range of hobbies 
— including private flying, fencing (he was a member of Penn’s 
Junior Varsity Fencing Team), ballet dancing, photography and 
sign language. 


The fourth in our series on Nondestructive Testing for Manage- 
ment considers factors in selecting ultrasonic testing equipment 
and is written by R. A. Seidel of Westinghouse who, since joining 
the company in 1957, has been responsible for the development of 
new nondestructive testing techniques and instrumentation design. 


R. A. Seidel Studies an Ultrasonic Search Unit for 
Quality Testing Large-Generator Rotor Forgings 
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A graduate electrical engineer of the University of Pittsburgh, he 
was a microwave field engineer with the American Telephone & 
Telegraph Co. for over eight years. He has designed several fea- 
tures of ultrasonic test instrumentation which have been adopted 
by various manufacturers and is presently vice-chairman of the 
Pittsburgh S.N.T. chapter. Other interests, shared by his wife, 
Virginia, include golf, gardening, and sports car mechanics — and 
their two children Robert Jr. (3) and Susan (3 months). 


H. N. Hill, author of “Residual Welding Stresses in Aluminum 
Alloys”, has been on the staff of the Alcoa Research Laboratories 
since 1927. After re- 
ceiving his B.S. degree 
from the University of 
Pittsburgh in that year, 
he joined the company 
as research engineer; he 
was named chief of the 
engineering design divi- 
sion in 1955 and last 
year appointed scientific 
advisor. He went on to 
graduate work at Carne- 
gie Institute of Technol- 
ogy and received his 
MLS. degree in 1938. 
He lists his hobby as 
“rural living.” He lives 
on a 100-acre farm with his family—he and his wife have a young 
son and four grown daughters — where he does his own building, as 
evidenced by the photo above. 


A metallographic technique developed at Universal-Cyclops Steel 

Corp. for electrolytic polishing of refractory metals is reported by 
F. R. Cortes in his article on p. 97. Metallurgist in the Refractomet 
Div. of Universal- 
Cyclops, he came to the 
company in 1958 as re- 
search assistant on re- 
fractory and _ reactive 
metals. After graduat- 
ing from Carnegie In- 
stitute of Technology in 
1955 with a B.S. in 
metallurgical engineer- 
ing, he worked at Beth- 
lehem Steel Co. on 
quality control prob- 
lems, then in 1956 
joined Crucible Steel 
Co. as a research assist- 
ant in their project en- 
gineering department. 


AUGUST 1961 


Chemical tinning ©¢- 
hances the solderability of the 


conductive paths of printed cir- 
cuits. Pure tin is deposited only 
on metal surfaces, including ex- 
posed edges; dielectric properties 
are unchanged. 


The new process, using “CUPOsIT 
LT-26,” made by Shipley Co., 
Inc., Wellesley, Mass., is not a 
substitute for electrodeposited 
tin, but it affords protection to 
the printed circuit board, thereby 
increasing storage life. “CUpPosit 
LT-26” operates at temperatures 
lower than hot tin dipping, re- 
quires no electricity, contains no 
cyanide. 


Bright side of printed circuit shows 
results of immersion in new chemical 
tinning process. 


Tin Developments 

¢ Stronger titanium results from 
addition of 15% tin. Ultimate 
tensile strength increases 90% 
at room temperature. 


¢ High-temperature brazing filler 
metal alloys of tin, nickel, 
chromium, silicon keep joints 
strong after long exposure .at 
high temperatures. 


¢ Low-melting quaternary al- 
loys of tin, indium, lead, silver 
are used for cryogenic circuits. 


Free Bulletin 


Write today for a 
free subscription 
to TIN NEWS—a 
monthly bulletin 
on tin supply, 
prices and new 
uses. 


The Malayan Tin Bureau 
Dept. T-25H, 2000 K Street, N.W., Washington 6, D.C. 
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e The No. 18, 24” wide Stainless Strip Bright 
Annealing Line at Armco’s Butler, Penna. 
Works, pictured above, is one of 25 coating, 
silicon and bright annealing lines, designed 
and built by The Electric Furnace Co., in- 
stalled in various Armco plants. Like several 
other EF horizontal bright annealing lines, 
the furnace and cooling sections are mounted 
on a balcony. This permits the pay-off reel, 
coiling reel and control equipment to be in- 
stalled under the furnace, saving floor space 
and minimizing building changes. 


EF Stainless Strip Bright Annealing Fur- 


Fuel Fired and Electrically Heated 
HEAT TREATING FURNACES 
for Processing any Product, in any 
Atmosphere, any Hourly Output Required 
SUBSIDIARIES—Turnkey Engineering Co., Inc., South Gate, Cal. © Canefco Limited, Scarborough, Ontario 
SALES REPRESENTATIVES—2842 West Grand Bivd., Detroit 2, Mich. © also 968 Coleman Rd., Cheshire, Conn. 


naces produce a durable, mirror finish on trim 
stock and other stainless strip without chrome 
depletion. The Electric Furnace Co. has de- 
signed and built 23 stainless strip bright an- 
nealing lines; this is more than any other 
manufacturer. Included are both horizontal 
and vertical type furnaces, fuel fired and elec- 
trically heated. 


For the highest finish, the most durable 
corrosion resistant surface, and the most ex- 
perience in bright annealing stainless strip, 
you too will find that “it pays to call the 
EF furnace engineers’’. 


THE ELECTRIC FURNACE CO. 
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Millions in technology 


help you profit with UCM’s "FIVE-DEEP” Ferroalloys 


@ Technology—many million dollars a 
year, invested in UCM’s 600-man research 
and development center—helps you pro- 
duce better, more profitable metals. This 
is one of the 5 intangible but ever-present 
extra values of Union Carbide Metals’ 
FIVE-DEEP alloys. 

It has brought you more than 100 new 
alloys and metals designed to give you 
production economies and improved prod- 
ucts. Countless millions have been made 
and saved because of UCM’s research, 
along with these 4 other extra values: 

(2) Customer Service brings you our inte- 
grated experience in the application of fer- 
roalloys to various melting practices. En- 
gineers from 9 UCM field offices travel a 
million miles a year to provide on-the-scene 
assistance. 

3] Global Ore Sources assure you unin- 
terrupted supplies of ferroalloys. UCM’s 
close association with world-wide mines 
provides dependable raw material sources. 
© Unmatched Facilities free you from 


Only ELECTROMET ferroalloys from UCM are so deep in extra values to help you. 


delivery worries. Only UCM gives you 6 
plants—3 with their own power facilities— 
and 17 warehouses, all located for fast 
shipments by rail, truck, or water. 

@ Strictest Quality Control — with over 
100,000 tests per month from mines to 
shipment—makes sure you always get 
alloys of uniform size and analysis, with 
minimum fines, lot after lot. 

For better metals, production economies, 
bigger profits, insist on UCM’s FIVE-DEEP 
alloys. Union Carbide Metals Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y., 
producer of “Electromet” brand metal- 
lurgical products. 


“Union Carbide” and “Electromet” are registered 
trade marks of Union .Carbide Corporation. 
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